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ABSTRACT
Physical and chemical properties of Queensland timbers are described in relation to
their durability in service and to their requirements for preservative treatments. The survey
covered all commercially important species, including eucalypts, rainforest species, and
exotic conifers that have been grown extensively in plantations. It showed that there are
substantial and consistent differences in timber properties associated with both species and
provenances within Queensland, and that these geographical differences may be critical in
determining the durability of timber in service.
Field and laboratory studies were conducted into a range of timber preservation
techniques, from hot and cold soak to pressure treatments with different heating and
vacuum regimes, and into preservatives from borax to creosote and copper-chrome-arsenic
salts. Timber degrade problems ranged from insect attack to soft rot fungi and marine
borers. The usage categories of timber studied ranged from general structural material,
power transmission poles and wharf piles to plywood sheets. All these activities were
predicated by the social need for conservation of timber resources, particularly during and
immediately after World War II.  Of several chemical and structural characteristics of
timbers examined, starch content and vessel diameter were shown to be critical in
determining its susceptibility to attack by Lyctus brunneus. Detailed chemical analyses of
the variation in starch content were used to develop and check field methods of starch
assessment that could be applied in conjunction with commercial preservative treatment
routines.
The thermodynamics (and aerodynamics) of movement of heat (and vacuum), gas,
liquids and solutes into wood were examined in the course of understanding preservative
penetration into and retention in timber. It was established, prior to the publication of other
studies, that gradients in temperature (and vacuum) established during preservation
processes had a critical effect on the movement of liquids and gases into and out of timber.
The occurrence of a minimum critical temperature was demonstrated, maintenance at
which (for standard thickness) was a function of wood specific gravity. Similarly it was
found there were critical levels of vacuum for the treatment system as well as for timbers,
and the latter was dependent on species structure and specific gravity.
These effects were critical to the penetration of preservatives, which was restricted
beyond the vessels, the principal pathway of entry and location of solutes in angiosperm
woods. This approach also explained several otherwise anomalous responses of timber in
preservative regimes in the field.  The work also demonstrated, independently of and prior
to the publication of the phenomenon elsewhere, the importance of specific vessel void
volume, defined as “the total vessel cavity per unit of gross wood volume and per unit
specific gravity of the timber”. This volume was shown to be closely related to the specific
vessel void concentration, which is “the absorption of a preservative liquid per unit of
specific vessel void volume”.
These concepts were important in explaining the considerable variation in rates of
preservative uptake between species, between sapwood and heartwood, with specific
gravity within species, and with wood moisture content with specific gravity class.  An
enhanced appreciation of these factors contributed to the development and acceptance of
practical preservative treatment schedules for the great majority of Queensland timbers.  In
marine environments, the calcium and magnesium content of the water was shown to be
critical to marine borer attack in timbers.
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1INTRODUCTION
The earliest foresters were fully aware of the enormous range of properties of
Australian timbers (Baker, 1919: Swain, 1928), and the urgent need to establish the best
utilisation procedures and applications for each species. Historically, there was a need for
early research, as large areas were explored and opened up by timber-getters, who were
followed generally by agricultural, dairy, or grazing, industries.
The most desirable species were either naturally scarce, or, like red cedar, to which a
memorial is preserved at Lismore, N. S. W., had been exploited relentlessly, and attention
was directed to the use of what, at the time, were less favoured species. This attention
brought with it the recognition that some timbers were not durable in service, and,
consequently, careful selection of uses or preservative treatment would be required in order
to utilise the technical and physical qualities of some of these timbers.
This thesis reports the developments of some of this work in Queensland, where a
much greater range and number of timber species were present than in the southern states.
It chronicles some of the problems faced by the timber industry, social and political
constraints determining the direction of work, nature of both basic and applied research that
was required and the solutions which were offered to industry. The thesis is not, therefore,
a circumscribed analysis of a single problem, but a record of identification of numerous
complex problems, and, for most of them, the first sensible and practical steps towards their
solution.
One of the first of the problems preventing the extension of the list of desirable timber
species was a need to preserve sapwoods which were susceptible to attack by the powder
post beetle, Lyctus brunneus
Products, CSIRO (Cummins and Wilson, 1936), a veneer treatment plant was established
at Austral Plywood Ltd., Brisbane in 1938. However advice by health authorities was that
sodium silicofluoride, as the original preservative, was excessively hazardous (Q.F.S.,
file.1938).
It was rapidly replaced (Cummins, 1939) by boric acid. The total of such plants, using
the “Hot Immersion” process, remained static at 14, until conversion of the veneer and
plywood industry to use of a “Momentary Dip” process when the total rose to about 30 by
1965.
Sawn timber treatment began in June 1946 at the Brisbane firm of T. W. Brandon and
Sons, subsequently extending to a multimillion dollar business in Queensland. From those
early beginnings, illustrated by a total of 18 plants at commencement of 1949, with a further
74 plants under construction in that year, for the year 1978, there was a total of 124 plants
using varied processes, and a range of preservatives. Total capacity rose to in excess of
200,000 m3, in sawn timber, veneer, plywoods, poles and piles, representing more than 50
% of timber output demands.
In excess of 200 plant operators, with an additional number of supplementary staff,
were directly employed. A total of more than 350 local species was handled, which, added
to a range of imported timbers, meant local industry was handling in excess of 600 species.
The timber preservation industry developed as a direct consequence of government
initiatives, catalysed by the establishment, in 1928, of the then Division of Forest Products
(D.F.P.) within the Council for Scientific and Industrial Research, later to become the
Commonwealth Scientific and Industrial Research Organisation (CSIRO). This supple-
2mented units in State Forest organisations, particularly the Division of Wood Technology,
New South Wales Forestry Commission, the Investigations Branch of the Queensland
Forest Service, and, subsequently, the Forest Research Institute of the New Zealand
Ministry of Forests. Following the 1939-45 war, an active forests products group was
established in Papua New Guinea, which had particular relevance to timber preservation
work in Queensland due to similarities between the ranges of species and the environmental
conditions.
Trees and timber properties
As indicated briefly above, one of the considerations in timber utilisation in Queens-
land was the very large number of commercial timber species available.
These were from tropical and subtropical rain forests as well as from open forests of
the coastal and inland regions. Over 350 species were available in commercial quantities.
Timber properties were known for less than 100 species, and these species showed a very
large range of properties. Thus, timber utilisation cannot be considered without reference
to the recognition of timbers and species.
Pioneering work on the description, properties and on the utilisation of tropical and
subtropical Australian timber species was carried out by Maiden (1904-1925), Jolly (1917,
1917), Baker (1919), Swain (1927,1928a), Dadswell and co-workers (1932, 1934, 1935),
and Francis (1929, 1951). Swain was ably assisted by Watson (1947, 1951, 1964), whose
work in many areas of Queensland timber identification and utilisation is still definitive.
White (1925), Everist (1981) and L.Smith (u.p) developed the botanical understanding of
forest species throughout Queensland. Assisted by Tracey, Webb (1950) was responsible
for the definitive survey of phytochemicals particularly in tropical species. Webb (1956)
has written a major study on rain forests, their relationships to such as soil and growth
conditions. Hyland (1971) and Volk (u.p) have made major contributions to tropical forest
botany. Tracey (1982) has researched rehabilitation of the forest communities in North
Queensland. Swain’s (1928) collation of available data was, and remains, a major reference
in tropical forest products literature. His numeric classification (1927) of species on the
wood structure was unique and forms a basis for the writer’s research reported here leading
to the classification of particularly local, but inclusive of imported timbers, on the basis of
preservative treatment characteristics.
Queensland experiences a wide range of climatic and soil conditions, with a corre-
sponding range of tree species and likelihood of biodeterioration (hazard). This range of
conditions led to the study of timber deterioration and preservation at an early stage in the
development of the Queensland Forest Service. For example, Watson et al. (1936)
examined the nature and distribution of problems caused by marine organisms attacking
timber. He developed a species rating scheme (Watson, 1964) for the purpose of promoting
effective utilisation of timbers.
For some decades, however, there were no investigations into the relationships
between climate, geomorphology, biodeterioration hazard and the performance of a timber
species in service in Queensland. Two exceptions were a series of specialised studies into
the distribution and effects of insects (Brimblecombe, 1956), and a Climate Hazard Index
developed by Cokley and Ryley (1968). This latter work demonstrated the difficulties of
drafting uniform legislation over a wide range of environmental and service conditions.
However some regulation of timber usage was required and legislation [The Timber
3Marketing Act (1946), short title TMA, in New South Wales], [The Timber Users
Protection Act (1949), short title T.U.P.A., in Queensland] was soon enacted. Codes of
recommended usage (Watson 1951, 1964), and Australian Standards (A S 1604 -1980)
were initiated for the usage of timber in buildings.
Development of Forest Products Research.
Following World War II, Australian forest products research was co-ordinated
between State Forest authorities and the Division of Forest Products (CSIRO) through the
establishment in 1946 of a Forest Products Research Conference (short title -The Forest
Products Conference). The Conference awarded priorities to programs for all facets of
timber research, including work on the control of the powder post beetle, Lyctus brunneus
Steph., one of the most urgent problems at the time. The Conference considered reports on
programs, and then made decisions on research directions and priorities. For many years,
submissions to the conference were regarded by Forest authorities as formal scientific
publications, and much of the work reported in this thesis was first presented as conference
reports. These reports had restricted distribution, as they formed the basis of governments
policy and in the drafting of legislation. In 1969, industry representatives were admitted to
conference, which changed its format to that of a workshop, but the proceedings of these
meetings continued to have only a limited distribution.
A Preservation Committee was established in 1963 by the Forest Products Conference,
with representatives from the State forest authorities with preservation groups.
This was chaired by the Officer in Charge of the Preservation Section, CSIRO Division
of Forest Products. This committee advised States on the relevant legislation, planned
research, co-ordinated special investigations, and acted in liason with other bodies. It
played a major role in establishment of relevant Australian Standards. Discussions and
minutes, as well as other proceedings of this Committee, which was concerned with a great
deal of the work described in this thesis, were confidential. New Zealand and Papua New
Guinea representatives became members. At a later stage, a separate joint committee was
established between the Preservation Committee and a restricted number of invited industry
representatives.
A Fire Retardent Committee was also set up under the aegis of the Forest Products
Conference, comprising the two States with relevant legislation, New South Wales
(represented by the Wood Technology Division, Sydney) and Queensland (which was
represented by the renamed Forest Products Research, and later titled Timber Utilisation,
Branch, Brisbane) jointly with the Division of Forest Products and the Building Research
Station, Ryde, New South Wales. Industry was not represented due to strict confidentiality
provisions in the charter of the Building Research Station, and the involvement of this
Committee with State Acts, or with national and international fire control authorities.
The author was a continuing delegate to the Forest Products Conference and Queens-
land representative on the Preservation and Fire Retardent Committees, as well as State
representative on relevant Standards Association Committees. The Queensland Forest
Service laboratory acted as a test laboratory, using its legislative powers for temporary
approvals of processes, preservatives and installations.
The Conference and Committees had a profound influence on Forest Products
4research, development, legislation and on industrial applications that was to be felt for many
years. When the CSIRO Division of Forest Products was divided between the Divisions of
Building Research and Chemical Technology, the responsibilities for the Forest Products
Conference and Committees were transferred to the Division of Building Research.
The involvement of the author with these continued until his retirement in 1981, at
which date his direct association with timber preservation ended.
As is described below, wood is a physico-chemical complex and, as effective,
accurate, reproducible analytical data was needed, there was, in consequence, continuing
need for research into methods of extraction and estimation of wood constituents and
preservative impregnants. Changes in techniques were necessary, with increased need as
instrumental systems became available. Co-operative studies frequently involved other
State laboratories in such developments.
Timber preservation as a scientific activity
Three important principles are involved in the study and in the utilisation of forest
products. They are;
1. Timber is a complex physical and chemical matrix (Cokley, 1978), properties of
which vary between species of a single genus, and even between trees of the same species
grown, or used, under different environmental conditions.
2. The complexity of constitution, properties and usage of timber are such that any
investigation of timber requires application of more than one, and usually many, scientific
disciplines. These disciplines range from physical and biological sciences, through statis-
tics and engineering to social, health, educational and even industrial relations considera-
tions.
3. Timber is of organic origin, and is subject to physical deterioration by elements of
weather, and to degradation by insects and decay organisms. Fire and mechanical stress also
Timber preservation is the amalgam of sciences formed to prevent, or at least delay,
the deterioration of timber in service. This thesis presents research and technological
studies from which timber preservation in Queensland progressed to the stage where a wide
range of species could be utilised effectively and economically. This work had two
underlying objectives, to make the best use of the resources available and to thereby
facilitate the conservation of the whole forest resource.
5CHAPTER 1
ADMINISTRATIVE AND SOCIAL IMPERATIVES TO ESTABLISH
PRESERVATION. RESEARCH PHILOSOPHY AND PUBLICATIONS.
In the establishment of the preservation industry in Queensland, two major distinct,
interrelated, imperatives were influential: namely the administrative and social needs of the
State and its people.
1. Administrative Imperatives.
For an understanding of the emphasis in Queensland on research to improve the
utilisable volume and range for local timber species, it is pertinent to briefly discuss roles
of the Forest Service. Its charter is to administer the existing, or establish new, timber
resources such that no significant, lasting effect of timber removal on conservation, nor on
natural species distribution, will occur.
Forest services, however, control only the resources or areas approved by the
government, as proclaimed under enabling Acts of Parliament. They do not control
resources on private land, nor those which have been alienated by government for other
purposes. Subject to the government policies, the charter means it may market those
resources, or exclude from marketing, if justified by valid scientific reasons, or social
interests. If forest lands are excluded from commercial use, suitable and adequate areas are
proclaimed under an Act of Parliament. In Queensland, these were classified as National
Parks, Water Catchment Reserves, or similar.
Where these special areas do not exist, it is implicit the Forest Service effectively
markets the timber for a  maximum utilisation obtainable. Such must be economic and  the
local population needs adequately met before  external markets are supplied. It must satisfy
the need  of conservation. Employment is a vital factor.
In Queensland, an extensive range of species, each with distinct characteristics, led to
great demands for both  silvicultural, and utilisation, research and relevant  technologies of
application.
The Investigations Branch was established to serve those latter needs.
The effects of the war on timber supplies made wide scale  preservation essential so
that the forest service could  maintain the objectives of resource conservation. A  critical
outcome of the concern by the Department was  its involvement with the Forest Products
Conference. It  explains certain fundamental policy differences between  the administration
of legislation in Queensland and New  South Wales.
Following acceptance of the need for a timber  preservation industry, the Queensland
Forest Service  (QFS) made three important policy decisions. Alternatives  defined to, and
accepted by Government, were;
(a) Preservation must be developed by the Queensland  Forest Service. It should not
become an industry  dependent only on private initiative. Preservation would  be a necessary
function of the Investigations Branch.
6(b) Though preservatives could fall under legislation  operated by the then Department
of Agriculture and  Stock, it was preferable a new Act be promulgated. The  Timber Users
Protection Act became law in 1949.
(c) The most pressing decision was the procedure to  initiate the timber preservation
industry. Over 350  species were involved over wide ranges of geographical  and climatic
variations. It was necessary to study these  and carry out research into suitable techniques.
That  involved fundamental aspects of treatment processes and  preservatives proposed for
use. Commercial application  was essential.
That meant developing laboratory analytical procedures,  and field techniques for
quality control, to meet legally  acceptable standards. Thus, responsibilities to develop
control procedures suitable for treatment plant  situations, and user applications, were also
delegated  to the Investigations Branch.
Preservation strategies should relate not only to the  sawmill.
They should also include the forest, especially in areas  subject to delay in log
extraction such as those caused  by monsoonal weather. They should be applicable to mill,
to transport or to storage, and extend to both secondary  manufacturers, such as joinery
works, and end-users such  as dwellings, rail systems or port authorities.
The multiple objectives explain certain restrictions  which were imposed on some
preservative chemical  formulations which certain suppliers applied to market in  Queens-
land. They also lead to an understanding of the  plurality of roles which this writer was
required to  assume. This multiplicity of role responsibilities did  not exist in any other
Australian Forest Products group  in these fields.
Such a combination of roles was due to the relatively  small number of staff in the
Branch, the financial limits  placed on the then sub-department, and the resulting  problems
of recruitment.
These roles included not only that of a research worker  in Forest Products fields, but
also acting as  development advisor, an educator/consultant to the  industry, and a technical
service facility for user  groups. It did necessitate acting as the “translator” of  research
results from organisations, such as CSIRO and  the Conference, to industry. Conversely,
industry needs  were translated to the research and regulatory bodies.
The writer’s position combined apparently contradictory  roles of referee, and of legal
authority under State  legislation (T.U.P.A., 1949), delegate on certain  national and state
committees, a member of a number of  Australian Standards Committees. It included acting
as  assessor for preservative approvals, for plants, training  and/or certification of plant
operators.
There were interactions with other responsibilities, such  as Wood Chemistry,
Plywood and Veneer production, whilst  Seasoning data clarified requirements in preser-
vation.  One special role related to detection of shrapnel in logs  from Pacific Rim countries
previously affected by the  war. In 1958, by invitation, the author was seconded for
extended studies and higher training in these fields to  the Division of Forest Products,
Melbourne.
7Over the same period, Branch staffing was increased, but  it still used expertise of the
Government Botanist and  staff. Modern laboratory equipment became available,  with a
licence to use radio isotope techniques being  granted to the writer.
This advisory, educative role extended to overseas  countries by involvement in
training schemes, such as  The Colombo Plan. It included mainly Pacific Rim, and  other
South East Asia countries, but did extend to other  areas.
Additional to such schemes, assistance was sought by  countries with climate, species
and hazards similar to  those of tropical North Queensland. Problems, which some  overseas
exporters had in meeting, or in interpreting,  Australian Standards, or satisfying state
legislative  needs, required continuing advice.
Certain pre-war factors influenced the development of  timber preservation in
Australia. These were;
(1) The establishment of the Forestry and Timber Bureau.  It was influential in policies
which led to establishment  of softwood plantations, especially fast-growing, exotic
species. Those plantations became of great importance,  especially for southern states.
(2) By agreement, a Forestry School, based at Canberra,  was established. It later
became a School of the Australian  National University, operating with State Universities.
(3) In 1939, widespread bushfires destroyed large areas  of Victorian forest resources.
That resulted in a much  greater dependence on softwoods or smaller logs of  native species.
Growing stresses caused problems in usage  of the latter.  Though chronologically later
(1960s), the root rot fungus  Phytophora cinnamomi caused widespread deaths over wide
areas of hardwood forests. Initially found in West  Australia, it was confirmed in the eastern
states, in  both eucalypt and rain forests. That placed further  strain on the national resources
of native timber  species.  These highlighted the much increased importance of  plantations,
and effective preservation of non-durable  species. Following the New Zealand precedent,
Australia  began to adopt multi-purpose waterborne preservatives in  the industry.
(4) In Queensland, areas of plantations were less than in  the southern states, especially
in the fast growing  exotic coniferous species.
For other than cabinet woods and decorative plywoods, the  rain forest timbers had not
been widely used. Except for  very few species, their durability was not high and  sapwood
volumes were significant. Most were susceptible  to the powder post beetle.  All of these
imperatives led to urgent, but controlled,  study and initiation of the preservation industry
in  Queensland.
Initially, it had been evisaged that, after  about ten years, the industry should be self-
supporting  for technical service, and the departmental involvement  should change to a
monitoring role, with emphasis on the  user as was prescribed by the Act. The ingress of
proprietary preservative suppliers, who also contracted  to supply a plant and train the
operator, should have  meant the above policy was possible. In practice it was  not totally
achieved.
However, the industry, operating in three major processes  or fields of application,
described in later text, was  based on priorities, and became established progressively  as;
8a. Veneer treatment, later incorporating plywood by other  processes, initially used the
“Hot Diffusion” or the “Hot  Immersion” process, but converted to the “Momentary Dip”.
b. Sawn timbers treated by open tank processes, using  waterborne salts, but extending
to large structural  uses, such as rail sleepers and girders, using oil based  preservatives. The
latter will not be further discussed  in this thesis. Most production was for uses in building
situations.
c. Vacuum-pressure systems using multiple waterborne salts, but including light
organic solvent treatments.   Products included sawn timbers, poles and piling treated  by
multisalt, general purpose preservatives.
As indicated in the Introduction, growth of the industry  was rapid, and, operationally,
the writer considers it  to have been substantially completed in establishment by  about 1970,
with final consolidation over the next  decade. In this latter era, service results on major
applications became clarified.
The effects on utilisation and conservation of resources  are cited in the Introduction,
and in separate Chapters  in this thesis.
2. Sociopolitical Imperatives and Advantages.
Timber preservation is very definitely a technical  activity designed to provide a
clearly defined social  benefit - an improvement in the service life and  properties of timber.
Consequently, social and  political contexts in which timber is used have a vital  influence
on the desire for, need for, and development  of preservation techniques, as well as upon the
underlying research that forms this thesis.  The 1939-45 war made massive demands on
timber supplies.  They were co-ordinated through both Commonwealth and  State Timber
Controllers. For that period, the State  Sawmill Licencing Act was abrogated under special
Commonwealth wartime powers.
Demand for building materials escalated after the war.  Many families lived in former
army camps. With local  supplies being inadequate, urgent social requirements  were such
that the State Government suspended some  provisions of the Sawmill Licensing Act,
allowing over- cutting of timber resources, particularly on private  land. The over-cutting
was commonly associated with  inferior timber, and timber products from these caused
problems in service.  Throughout Australia, materials previously considered to  be
unsuitable (small girth trees having low durability,  species with a high percentage of
sapwood, or species  susceptible to sapstain fungi) were pressed into use.
Representations by the Queensland Forest Service were  eventually successful in
having the provisions of the  Act restored.
Due to the massive demand and low volumes of suitable  local timber for homes, large
numbers of prefabricated  houses were imported from Europe. Some of these  structures
contained infestations of Hylotrupes bajulus  L. and many thousands of houses in Brisbane,
and other  centres, had to be fumigated in order to effect control.  This experience persuaded
the government of the need for  an effective preservation industry, which could give a  full,
and permanent, protection to timber products.  Low durability, or susceptibility of the
sapwood of  numerous species to pests such as the powder post  beetle, Lyctus brunneus
9Steph. restricted their use, and  there was an urgent desire to extend the list of useful  timbers
by suitable, especially preservative, treatments.
To be adopted, the preservative treatments had to be  technically feasible and, with
cessation of hostilities,  economically viable as well. Once timber preservatives  began to
be used, there was also constant attention to  their effects, not only on insects or decay
organisms,  but also on human health, on soils, and on crop plants.  Public works, including
road and rail usages, also  demanded large quantities of structural timbers,  generally
specified to be in large sizes of the  strongest and most durable species.
Underground mining  development also required large volumes of hardwood  poles of
small girths, for which use spotted gum  (Eucalytus maculata Hook.) was preferred. For
reasons of  safety and economy, it was essential that these pit props  be treated with
preservative.
Except for supplies to cities or for special purposes  such as plywood manufacture, the
Queensland timber  industry was very localised, often associated with  dairying. Typically,
sawmills provided local requirements  for building and packing cases only. Most sawmill
machinery was usually in need of repairs  and  improvisation the norm. Many mill operators
were highly  skilled in assessing qualities of logs they received and  converting them to the
best, most appropriate, products.  However, in that period, an influx of unskilled millers  led
to production of much sawn timber of poor quality.  As a consequence, samples of timber
to be used in  Queensland Housing Commission buildings had to be  submitted to the
Forestry Department for approval.
Additionally, material was required to conform with  specifications set out in
Queensland Forestry advisory  bulletins, which described timber in terms of local  (Queens-
land) sources and utility classes.  These technical policies had major commercial and
political consequences. In particular, they resulted in  timber suppliers from northern New
South Wales being  effectively excluded from the Queensland market.
Farther afield, there was conflict from the suppliers of  softwoods from New Zealand,
operating under a free trade  agreement with Australia, from Victoria and from South
Australia. Verbal representations included a possibility  of invoking the Constitutional
provision for free trade  between states (Section 92).  In addition, many secondary
manufacturers of timber  products, such as doors and timber mouldings, used  species
imported from Pacific islands, and plymills  operated on imported logs.
Commercially, these problems worked themselves out, but,  politically and techni-
cally, decisions were required that  only recognized a preservative treatment plant operating
outside Queensland jurisdiction if it operated to  standards as agreed between state, or other
government,  authorities.
Another important aspect of the application of  preservative treatment was training of
plant operators,  usually in their own installation. This was repaid  through cooperation from
the sawmillers, who greatly  aided many research projects, and through more  conscientious
operation of preservative processes. The  variety of locations at which training was
provided, from  the New South Wales border to Bamaga on Cape York, gave  the author an
insight into the local conditions  affecting plant performance, enabled rapid evaluation of
operational problems as well as the peculiarities  associated with some timbers.Concurrently,
it assisted the writer to assess variations  of service life and relationships of hazard with
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climate.
Finally, there were two important political controls on  the timber preservation
industry which were legacies of  the war. Firstly, price controls applied to timber,
determining the income to a miller, and consequently the  capital resources available for
plant improvement.  Secondly, the Lend Lease debt to the USA limited  purchases from that
country, which was the major source  of preservative (boric acid and borax) chemicals. This
had resulted in detailed quarterly estimates of  preservative requirements for each plant
being prepared  and justified by the author.
Progressively, the Queensland Housing Commission and  local authorities introduced
building codes, followed by  the establishment of Australian Standards, and other  zoning
laws, all of which influenced types of material  that could be used in buildings, and the
preservative  treatments that may be permitted or required. The  burden of regulation was
addressed at a “Timber in  Housing” conference in 1971 (Cokley 1971b). Attention was
drawn to costs that this imposed on home buyers. Since  that time, uniform building
regulations have been  introduced.
A substantial, economic, preservation industry, and  related legislation, have been
established ensuring  timber has a reasonable service life and should not  fail prematurely
(cf. Chapter 15) due to normal hazards  of use. It is based on what is defined as “durability”,
and separately referred (Chapter 3) to as “service  life”.
3. Research Philosophy.
i. Need for expanded research initiatives.  (Author’s note; References to specific
topics, or to  previous research data, are cited, but details of those  are dealt with in the
relevant Chapter of this thesis).  The earlier described imperatives for establishment of a
preservation industry were based on studies by Cummins  and Wilson (1936), Cummins
(1939), and Gregory (1942).
Locally, the fledging industry was given an impetus by  Brimblecombe (1944 to 1946),
and by Brimblecombe and Cook  (a series of studies, 1945). The process studied was  based
on the “Hot Maintenance “ (Appendix 14) for sawn  timbers and was similar in principle
(see Introduction)  to that used for veneers. Studies demonstrated it was  inadequate for
widespread industry use. Young (1946 c, d)  initiated open tank treatments (T.W.Brandon
and Sons) by  the “Hot and Cold” Process, and a Steam/ Cold Quench  plant in North
Queensland.
Expansion was slow, due,  inter alia, to problems (Cokley, 1948d) in plant  construc-
tion and treatments, caused by the use of boric  acid (Chapters 8, 10) as preservative. In
1947, the then  Conservator of Forests, responsible to the Minister for  Lands, did not
consider the Timber Users Protection Bill  (which later became the Act) then in preparation,
should be implemented until evidence of an adequate scale  of a preservation industry, and
treated timber, was  shown. This was demonstrated by the writer in 1949.
This author was given responsibility for preservation  (and other roles) in 1947. He
sought, and obtained  departmental approval for coordinated and comprehensive  research
programs, and concurrent prioritisation of  objectives. He submitted them as necessary for
the  effective establishment of, and extension of, a widely  dispersed industry. The work was
within the co-ordinated  general programs established (see introduction) by the  Forest
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Products Conference. Approval was given to this  writer to initiate and develop these
proposals.
ii. General Philosophy.  Establishment of an effective timber preservation  industry
could be considered as a multivariant research  program with each variant having multiple
strands.  Though it would be extensive, with many facets developed  over some decades,
it was essential for problems to be  treated as separate research projects, objectives stated,
establishing roles of related variables, and priorities,  and also quantifying separate
parameters for elucidation.
iii. The objectives and priorities are described below.  These involved, as a coherent
part, the commercially  successful application by industry of fundamental  research
undertaken.  Separate policy decisions were involved, dependent on the  scope of research
(eg. Chapters 3, 4, 6, 10, 12, 14)  possible in some phases. (See Flowchart 1.)
iii.i. Objectives were;
b. attainment of resource conservation of the many timber  species which occur in this
State.
c. achievement of satisfactory economic and social  outcomes by an effective timber
resource utilisation,  including preservation.
d. accommodation of the changing conditions taking place  in the timber industry.
The magnitude of these objectives is illustrated in Table  9 (Chapter 8) (Queensland
Forestry Department, 1972),  based on data from forestry records and research.
iii.ii. Priorities, and Quantification, of the Program.
iii.ii.i. The introduction of legislation (Chapter 2)  placed prevention of Lyctus attack
as initial priority.  In consequence, the detection of starch became the only  legal way to
quantify the extent of species affected.  That, in turn, led to extensive research (discussed
in  Chapters 4-7), needed to validate the test methods.  Associated aspects involving
susceptibility of timber  species to Lyctus (Chapter 9), and the preservative  aspects are dealt
with in subsequent chapters (eg.  Chapter 10, 11, 12).
iii.ii.ii. Quantification and classification of material  under the general title of
“Sapwood” and its relation to  Lyctus
of “sapwood” and  its identification, its interrelation to durability and  variability in species,
and economic consequences.  Starch positive sapwood, defined as “Lyctus susceptible
timber”, meant the latter became an “indicator” (Chapter  8) for the nondurable portions of
a tree stem.  There were deficiencies in the currently available  methods for the non-
destructive, field identification  of “sapwood”, which had important consequences for later
research (Chapter 8).   Prior to this work, research on “sapwood” was primarily  carried out
by wood chemists, plant pathologists, or  wood technologists, and generally based on
laboratory  conditions. There was a need to apply that existing  knowledge to industry, to
quantify requirements in terms  of species and of total timber volumes affected, and to
ascertain possible regional effects and demands. Data,  particularly for tropical/sub-tropical
timbers, were not  then generally available.  These two priorities formed the central axes
on which all  of the other planned developments were dependent. Unless  they were
clarified, and quantified,
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primary objectives,  as stated above, were not achievable.
iii.iii. The achievement of these goals was heavily  influenced by the methods both of
utilising “sapwood”,  with adequate detection by industry of that zone, and,  concurrently,
protecting, by preservation, timbers of  low natural resistance to hazards, including fire.
iii.iv. The objectives implied a viable, noncentralised,  economic, and effective,
preservation industry (for  processes, see Appendix 14), resulting in reduced demands  on
forest resources in particular. (See Flowchart 2.) This led to;
a. development of processes, plants, preservatives,  on-site control systems suitable for
large or small scale  timber production, and removal of “waste” problems of  non-utilisation.
b. close involvement with, and by, industry in the  development of preservative
treatments.
c. general grouping of timber species in sapwood classes  (defined by the starch test)
for both volume required to  be treated and treatability groups.
iii.v. This activity, over such a wide area as  Queensland, required the definition of the
variation of  possible distribution of hazards (Chapter 3).   It also required research on, and
quantification of any  possible regional (source) effects on the treatability of  species. If an
effect on treatability was present,  statistically sound methods needed to be researched to
incorporate these effects in treatment practices and  control by industry.
iii.vi. Later developments placed emphasis on  “Durability”, and the application of
general purpose  preservatives.
Mandates of such magnitude, particularly under  legislative jurisdiction, had not
occurred in any other  country, except for Papua New Guinea and New Zealand.
Adherance to the above priorities, enabled the writer to  examine each phase and to
ensure those objectives were  met. The consequences were a large expansion in the  numbers
of treatment plants, including veneers (see  Introduction).
The marked increase in production of  treated timber, with the effective plant,
and laboratory,  control, resulted in corresponding volume recovery from  a log,
effective species utilisation, and conservation of  forest resources (Chapter 2). Change
of preservative  from boric acid (Chapters 8, 10) to borax was a major  influence.
Publication Policies on Research Findings.
The publication policies of the Department of Forestry,  and the bodies to which
research results were reported,  did not include routine submission of Journal articles.
Departmental reports were submitted as Forest Products  Conference papers, which were
peer reviewed prior to the  acceptance of their results, and implementation of  recommen-
dations. Numerous issues covered by these reports  were subject to confidentiality
provisions, which  prevented open peer review of results, but which were  confidentially
reviewed by Committees (cf. Introduction).  In this way, research was assessed, but not in
the manner  now accepted as conventional. Dissemination of  information to industry was
based primarily on direct  communication by correspondence, or in person during a  plant
visit. That was often the best way to ensure an  operator did understand, and apply, results
eg. from  CSIRO, and the Forest Products Conferences.
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CHAPTER 2
INFLUENCE OF LEGISLATION ON RESEARCH, ON RESOURCE
CONSERVATION, AND THE TIMBER PRESERVATION INDUSTRY.
In Australia, two States, New South Wales and Queensland introduced specific
legislation for the control of timber preservation. New Zealand subsequently followed suit.
The principal examination here is of the Queensland Act (The Timber Users Protection Act
of 1949, short title T.U.P.A., 1949), although both it, and the corresponding New South
Wales Act (The Timber Marketing Act of 1946, short title, TMA, 1946), influenced
Australian Standards (AS 1604-1980).
In addition to citing some major differences between the two Acts, this review is
restricted to three topics. Each of these topics gave impetus to, and justified,  the  existing
research priorites (cf. Section  3, Chapter  1), the programs, and their conclusions,  described
in this thesis.
They were the nexus between basic research and technology  with an effective
preservation industry, jointly enabling Forestry to succeed in its primary aims of conserva-
tion of timber resources. These topics are;
(a) The definition of “Lyctus susceptible sapwood”. In Queensland, the term was
changed to “Lyctus susceptible timber”.   Author’s note; under legal convention, in both
TMA (1946) and T.U.P.A. (1949), the lower case form of “lyctus” was used. To avoid
Lyctus” in this thesis.
(b) Quantitative measurements of the legally defined term “approved preservative
treatment”, relative to legal requirements.
(c) Susceptibility of timber to Lyctus spp. was defined not only by the presence of
starch,  but also as species named in a “Schedule to the Act”. This schedule defined both
standard trade names and the botanical name.  To place these topics in context, it is desirable
to briefly review relevant portions of the two State Acts.
1. The Timber Marketing Act of New South Wales.  In 1946, the New South Wales
Government proclaimed the initial Timber Marketing Act of 1945 (short title, TMA, 1946)
to “provide for the control of the sale and use of certain timbers”. That Act was amended
in 1952, and titled “The Timber Marketing Act 1945 -1952”. It was administered by the
New South Wales Forestry Commission, and placed full onus on the industry for operation
and control. Author’s note; under the Queensland legislation (T.U.P.A., 1949), quality
control at a treatment plant (see text) was mandatory and supervised by the Queensland
Forest Service.  Special aspects of the TMA (1946) were;
1.i. Preservative treatment plants were required to register.  Plant quality control was
not prescribed. Preservatives and  brands (identifying marks applied to treated products)
were allowed for multiple purposes.
1.ii. Certain timbers were required to be sold only in terms of a specified nomenclature.
Material could be sold “as mixed or  unclassified” under which the buyer was not protected.
1.iii. Restrictions were placed on the sale, or use, of “Lyctus susceptible sapwood”.
Technically, and legally, “sapwood” was defined in  terms of an Australian Standard eg. AS
01-1964.
1.iv. “Lyctus” was defined as “a beetle of the genus”. The TMA (1946) [refer previous
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note] defined “Lyctus susceptible sapwood” as that -”containing sufficient starch to render
it liable to attack by Lyctus”.  Existing Lyctus attack was “ex-officio” evidence. That Act
prescribed neither legal  quantitative starch levels, nor methods of detection, nor analytical
determination of the starch.
2. The Queensland Timber Users’ Protection Act of 1949.     (amended in 1965 and in
1972 {see text}) A formal decision was made to initiate the State Act.  For this legislation
(short title, T.U.P.A., 1949), the then sub-department did adopt major parts of the Timber
Marketing Act, but made certain changes, not only in definitions, but in the philosophy of
the Act. Strong emphasis was placed on the role of preservation in promoting resource
conservation, which led to the decision to regulate the existing preservation  industry. The
influence of post-war social conditions (Chapter  1) on the  government’s view has been
cited.  Those mandates caused the administration to;
2.i. Decide the proposed  Timber Users Protection Act (1949)  would be a Consumer
Protection one.
2.ii. Significantly increase relevant requirements of the Timber  Marketing Act
proposed for the Queensland Act, to ensure that rights of users were protected. These
applied to supply of timber, use  of any timber susceptible to attack by the Powder Post
beetle, and the control of moisture content for specified uses.
2.iii. Give strong powers in terms of inspection access. Certain  sections did nominate
“ex- officio” proof of defined offences.  In such as Section 14,. the Act initially limited “an
approved preservative treatment”, defined by the term, a “preservative treatment”, as being
applicable only to Lyctus, spp.  This (Section 14) provided the basis for the Regulations.
In its application, the T.U.P.A. and Regulations differed substantially to the “Timber
Marketing Act” of New South Wales. The Act was amended in 1965 to make its
requirements general  and applicable to any hazard. It was metricated in 1972 and became
“The Timber Users` Protection Act 1949-1972”.  An Appeal Court decision, viz. “Loveday
vs Ayre, 1955”, was  based on definition of an “approved preservative treatment”.  That
appeal showed the Act fell not, as envisaged, under the Civil Law Code of jurisprudence,
but under the Criminal Law Code, and caused changes to approval procedures.  For Lyctus
control, a preservative was approved by gazettal. The author had defined such preservatives
as “Lyctuscides”. Each plant for treatment, required to use  an approved preservative,
applied for approval,  which included methods of plant quality control.
A nominated brand format (applied to treated products),  concurrently applied for, was
approved for treatments against Lyctus.    The general purposes preservatives were given
separate approvals, based on hazard.  They included lyctuscides and general  purpose
multisalt use.  The preservative was stipulated by a firm making application  for approval
of a treatment plant. After amendment to T.U.P.A. (1949), multiple brands were approved.
Certain approvals were later modified due (Chapter  15)  to service results.  The Acts
permitted temporary approvals to be granted. That provision was important for enabling
plant trials when a preservative  supplier wished to introduce a new or modified formulation.
Suppliers availed themselves of the facility.  Trials of a new preservative, or process, could
be required on a plant operational basis prior to formal approval. When a multisalt was under
test, approvals were given for a lower level of hazard for the test period, usually for three
months.
 (a) Definition of Lyctus
Forestry legislative planning group adopted the definition of “Lyctus”,  as in the Timber
Marketing Act, major changes in the legal  definition of “Lyctus susceptible timber” were
made.   Counsel opinion stated that the definition of “Lyctus susceptible  sapwood” as given
in the New South Wales Act was indeterminate and would be difficult to prove in any court
proceedings.  No entomological authority would give a positive definition.   Hence the
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administrative group made the decision to set a zero starch level.  The definition for “Lyctus
susceptible timber” was; “timber of any of the species specified in the Schedule to  this Act
and containing starch other than any such timber  which has been treated by an approved
preservative treatment”.  The author protested against the absolute prohibition of any starch
level. There was provision in definition of “building”, and in other sections,  for use of
Lyctus susceptible timber, provided  it was shown “to be not detrimental to the use or service
reasonably expected”.   The administration accepted a compromise in the grading for  starch
concentration. A level of “trace” (Chapter  4) was accepted as “not  detrimental” in the
definition of “building” and the other  relevant sections. These levels were based on joint
research  work (Cokley and Rees, 1964 u.p), and studies by the writer (Chapters  4, 9).
Entomological opinions did agree with that data. The correctness of that decision was
confirmed by in-service results.
a.i. The definition of “sapwood” as given in Australian Standards presented similar
legal difficulties. The term, (cf. Chapter  8) was not used in Queensland legislation, although
it was generally recognised in the field, and by industry.
(b) Quantitative Measurement of “Approved Preservative Treatment”.
Lyctus  susceptible timber”
and its relation to starch content. This led to evaluation of an “approved preservative
treatment” in timber.  As the term “sapwood” did not appear in the Act, a treatment  to
control Lyctus, in a species designated in the Schedule, required a minimum retention at any
point  where the specimen showed a positive starch test. For other hazards, the preservative
was to be  present in a nominated zone, defined as “the treated zone”.    Legally such a test
was often required to be performed on only a single specimen. A similar condition applied
under the TMA (1946). Species identification was certified by a wood  anatomist.  The
Schedule did not apply to general hazards. “Durability” did not occur as a definition in the
Acts.  Thus, there was an absolute zero of permissable samples in a  batch, or “parcel”, of
treated timber, which could fall below  a “prescribed minimum concentration” of the
preservative in the required zone. “Safety margins” were developed by the writer in
treatment schedules.  Overseas specifications cited preservative retention as salt  concen-
tration, expressed as kg/m3
Queensland plant control  procedure was based on that principle. There was a need to legally
confirm  for existing preservatives,  or to determine (Chapters  10, 11) for any new
formulations, whether valid statistical relationships were  established between the bulk
(charge) retention figure,  the preservative distribution patterns, and  concentrations, at
increasing depths from the surface of the treated pieces. The  measured concentrations  were
Lyctus approvals. Thus
specimen density (Chapters 3,  12, Appendix  27)  became a legal criterion.
b.ii. A chemical determination of an element, or salt, should   include a standard
deviation so that timber preservative analyses should have a legally permissable  tolerance.
The same position arose as for starch, and the writer obtained formal approval to classify
levels below legal minima in terms of “detrimental” or “not detrimental”, based on the
analytical and statistical tolerances.
Analytical control became more important when multisalt  formulations were ap-
proved for general use. Commercially they were registered under legislatively approved
Trade Names which specified both a salt  combination, and composition tolerances. Under
commercial law, if a registered Trade Name is used, components should be present in a
solution or a treated product in that ratio, or within the specified tolerance. In practice
(Chapter  10), the composition of treating solutions (dependent on climatic and water
quality factors) required control, and the salt component distribution varied within timber
species being treated.
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Several conditions modified the way in which multisalts could be used. Firstly, the
influences of any changes in preservative content of timber on its durability in the field were
factors to be considered in the approval of timber for use under conditions of hazards such
as decay. Secondly, certain species, that did not absorb, nor retain, one or more of the
multisalt components, required investigation.  Thirdly, there was also a need to determine
whether one component of a nominated formula gave a valid and adequate correlation for
chemical assessment, or use in   plant quality control.
(c) Susceptibility to Lyctus
important as the Lyctus susceptible timbers were specified by both botanical and nominated
Trade Name. Certain identification of timber could, especially for legal purposes, be made
only by  an experienced Wood Technologist, with access to reference collections of
authenticated specimens.  It was argued administratively that a worker in the industry
should reasonably be in a position to formally identify a specimen. Experience with industry
satisfied the author such was not the position. Therefore, the writer recommended the
Schedule should be amended so as to list only species classified as “Immune”, reducing the
total of species numbered in the schedule from over two hundred to about thirty. Most
“immune” species were readily identified by industry. However that approach was not
accepted, as legal opinion did not favour the use of a “negative” definition.
The consequence was that plant operators treated all “visual” or  “apparent sapwood”
in timber species cut from open forest sources. With few  exceptions, and with approval
from the Department, total sawn output (Chapter  8)  of rain forest timbers was treated with
preservative.
Relationship of Queensland Preservation Legislation to Australian Standards.
Reference is made in this thesis to a number of Australian Standards publications,
which include AS 060-1956, AS 1604 -1980 (revised 1980), AS 1605-1974, AS 0117-1970,
all of which refer to aspects of timber preservation. Similarly, AS 1376-1973 deals with
conversion factors to metric units. The  State Acts, in both  Queensland and New South
Wales, overrode these Standards. Thus, T.U.P.A. (1949-1972) was metricated by a general
Act of State Parliament - “The Metric Conversion Act of 1972” (not referenced). For other
than moisture content [T.U.P.A., 1949, Section  6 (5), Section 7 (3), Section  17), the Act
does not mention the Australian Standards as most were introduced seven years, or more,
after the proclamation of the Act (1949). An important further difference between them, and
reason for the Act overriding Standards, rested in requirements (Section  15) of the
legislation which endorses application of legal proof (eg. inadequate levels of preservative
in a starch positive board) to a “single piece or specimen” as being “conclusive evidence”
of an offence. Provision, under the Standard documents, for “culling” and for a variable
“pass rate” specification, precluded their adoption.
Legislative “Life” and “Sunset Clauses”.
A disadvantage, common to Acts and Standards, is they tend to be neither easily, nor
frequently, amended. Social justification for many laws changes.
This writer considered that all legislation, standards, and other  statutory specifica-
tions, relating especially to timber preservation, should have a “sunset clause”, after which
a mandatory review is necessary.
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The   writer believed that need for change applied to these Acts in the late 1970 era.
This proposition was accepted, and a review was commenced of the relevant Queensland
legislation. A new Act was later promulgated.
The Timber Utilisation and Marketing Act of 1987 (TUMA).
The earlier legislation was repealed on 1 July 1987, and replaced by a new Act
(TUMA, 1987). General earlier provisions were maintained.
However two changes, which this writer had strongly advocated, were made.
They are;  (a) Listing in the Schedule of only species declared to be not  susceptible
to Lyctus, though earlier legal opinion had not favoured a “negative” definition.   (b) Of
importance to this writer was final adoption of his  recommendations for “Hazard Branding”
(Cokley, 1981) to be incorporated with a plant identification brand. In the original Act
(T.U.P.A., 1949), the hazard level to which the product was treated was stated by certificate.
By incorporation of these with the brand,  and increasing from grades  H1, H3, H5 to H6
with increased levels of treatment against hazards, the product service condition  suitabilities
are unequivocally given to a buyer.
Overall Consequences of Legislation (T.U.P.A., 1949)
This author considers the Acts promoted the timber conservation  aims of the Forest
Service.
High standards of industry performance  were concurrently achieved, and the essential
cooperation by that industry freely given.   Application of the new legislation (T.U.P.A.,
1949) did increase the availability of timber, without increase in  total log volume cut from
forests. It reduced pollution associated with waste timber disposal. Preservation increased
timber recovery  by up to 30% in the open forest hardwood species, and by up to 100% for
many rain forest timbers.
Timber preservation assisted in maintaining a more “normal” mixture of species in the
forest by less selective logging. Prior to preservation, only the “prime species” were
harvested in many forest areas. The economic life of sawmills was increased, resulting in
a reduced  dependence on imported timbers, and creating increased employment in the
sawmilling and building industries. A “domino effect” occurred in manufacture of white
goods, and  additional household requirements.
The most important direct result of timber preservation was in giving the Department
time to increase areas of plantations,  and enable the existing   ones to reach maturity. It also
enabled extended time for research  on regeneration of naturally durable open forest species.
Establishment of the preservation industry ensured that low durability, fast growing,  exotic
plantation softwood output can be treated to match the utility of present durable species for
many applications. Preservation enabled our valuable native softwoods, which could be
grown in plantations, to be used for plywood, cabinet, or furniture manufacture. These
softwoods, hoop pine, Araucaria cunninghamii, in South Queensland, and Queensland
kauri pine, Agathis robusta
species.
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Chapter 3
GEOCLIMATE, ITS INFLUENCE ON TIMBER HAZARD AND SERVICE
LIFE IN QUEENSLAND, ON  WOOD STRUCTURE, PROPERTIES, AND
PRESERVATION.
3. Continued emphasis is placed in this thesis on the roles of the Forest Service in
conservation of timber resources, with a consequent stressing of the importance of
utilisation, and preservation,  practices in those roles. It is also true, though not widely
recognised that climatic, and soil, factors exert important influences on timber properties
and usage. This Chapter will examine some of the geoclimatic effects on properties of
timber  and its service in Queensland.
3.a. Economic use of timber depends on three criteria:
i. mechanical properties of the timber, such as strength,  fissility, paint holding
ii. the nominal durability under standard test conditions;
iii.  Service conditions,  defined as “Service Hazards”, which affect timber perform-
ance, include exposure to probable  or possible hazards, such as fungi (eg. brown rots),
insects (eg. Lyctus  spp.), marine organisms, fire, fluctuations in moisture content,
These conditions combine to determine the service life, which  is defined here (see
further definitions below) as “years of service  under a given exposure to hazards”.
It is  obvious that service life of a species will vary greatly. In this Chapter, emphasis
is placed on four aspects;
(a) definitions of service life, of durability and a delineation of hazard distribution in
Queensland;
(b) elucidation of geoclimatic interactions with distribution of the hazards  to which
timbers are exposed in service;
(c) correlation with geoclimatic regions of properties influencing the “permeability”
or “penetrability” of timbers (Chapters 8, 12) especially to preservatives.
(d) clarification of  these possible geoclimatic influences with earlier research on
forest distribution.
3.i. Definitions of the Service Life and Durability of Timbers. Delineation of the
Distribution of Hazards in Queensland.
There were seven powerful economic, and conservation, reasons for  clarification and
definitions of terms associated with the durability of timber in service.
(a). For all local species, only the “sapwood” (for detailed definition, see Chapter  8)
can be  treated with preservatives.  
clarified, there  will be severe restrictions on the use of millable  species. This is determined
only in terms only of nominal durability.
(b). If scientific application of preservative practices was  to be an effective, and
economic,  tool in resource utilisation,  an important criterion must be comparison to
heartwood of an untreated  species giving adequate service under equivalent hazard
conditions.
(c). The preservative applied, and the level to which the product  is treated, should give
long  term control against nominated insect, or fungal, hazards of  service. At the point of
treatment, the location of end-use  is not generally known. A need to establish the range of
possible service hazards in any region, and thus anticipated for a consignment of timber,
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was integral to economic preservative treament.
(d). Unless likely service hazard is established, the lack of information of  hazard
would lead to demand for, legislative restrictions of chemical treatments to, or excessive
usage of, only general purpose preservatives. When this work was started about 1947, the
general purpose preservative industry (refer Chapter  10) was not established in Australia,
and  commercial treatments were against Lyctus only.
(e). It was considered that practices in South Africa (Tooke,  1949), involving regional
quarantine measures, could not be  justified in Queensland because of the distribution of
supply and demand centres.
(f). In terms of recommendations on timber utilisation, it was desirable scientific
specialists in the Forestry Department should be able to  advise objectively  on exposure
hazards in different areas of the state, for example in the developing  coal mining towns in
Central Queensland during the 1970s.
(g). In the assessment (Chapter  2) of a preservative level of treatment,  relative to the
prescribed legal standard of an “approved preservative treatment”, (T.U.P.A., 1949), the
decision by the testing officer for issuance of a test rating   as “not  detrimental” could be
supported by an awareness  of  potential hazards  of the usage site. As most testing under
T.U.P.A. related to  buildings, areas of service were then known.
3.i.i.  Definitions of Durability (refer Chapter  8) and Service Life.   Durability is
defined for the purposes of this thesis as- “the period of time for which timber can be exposed
to a defined physical and/or biological environment without a significant loss of the
structural and mechanical properties of the timber”. It is not defined in Standards
Association document, AS 01-1964.
the number of years between
installation of a given species and provenance, and its removal because of failure, or
impending failure, in a defined class of service”. A given preservative treatment is aimed
at the extension of that service life.
The classification of timber durability in Australia was based initially on subjective
evaluation of existing structures. This was followed by controlled tests against specific
fungi or insects.
Durability ratings were then extrapolated to other timbers known to have similar
service lives. Preservative treated timbers were tested similarly, and the preservative
efficacy then predicted for the tested, and other, species.
When CCA multisalt preservatives were first introduced in Australia, long-term data
were not available for local species and preservative efficacy was extrapolated from
overseas data. The author found major discrepancies between nominal durability ratings
with results under Queensland conditions.
This difficulty of extrapolating from overseas, and southern, data to Queensland
conditions suggested strongly that local, or regional, service conditions were crucial to
development of a reliable  classification for timber durability.
It has been suggested in Chapter 1 that initial forest conditions, utilisation and storage
conditions, as well as usage, were regarded as being pertinent to timber preservation in
Queensland. It also emphasised  that training treatment plant operators “on site” provided
an opportunity to also utilise their local expertice for valuable assessment of local service
conditions, and, in preservative treatment, to evaluate the effects of origin on variation in
treatability and other aspects, such as timber seasoning characteristics (Chapter  1) which
were part of the writer’s then responsibilities.
These, together with both research, and field staff, of the Department of Forestry, and
other organisations, provided an important information resource to the writer.
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Substantial anecdotal evidence accumulated suggesting that a timber source influ-
enced durability of a species in service (see Section 5.i), but the writer also accumulated
evidence that the location of use influenced the service life  when timber of the same species
was used under apparently common hazard  conditions.
These anomalies between durability under standard test conditions, timber source, and
location of use led the  author  to examine the interrelations of these factors (including
service hazards, as defined in Section 3.i.i).
This decision to carry out research into these factors was supported by data from
Cummins and Dadswell (1935), who, in discussing both durability, and service life, as
applicable to pole timbers, describe the evidence (survey of the pole authorities) on which
they made their classification of species. For the former (their report, p. 16) they indicate
possible general relations between growth rate (eg “fast grown” material is less durable),
and density.
They also discuss (p. 24) the effects of location of end use, including soil types, (cf.
“site indices”, Chapter 15) as factors. They referred to advantages in treatment of “fast
grown” pole material.
3.i.ii. The Discrepancy between Durability Ratings and Service Life.   It became
apparent that confusion existed between the two  terms. The former had become restrictive,
and, in fact, was generally applied to “in-ground” service.
The latter, viz. service life, as had been expressed by Watson (1964), in his classifi-
cation of species usages, was a criterion of utilisation for timber  in most situations.  For that,
Watson had nominated a broad definition of the hazards to which his ratings applied.
The discrepancy is illustrated by two examples, where, for species cited, the nominal
durability is Class 4, and  hence the timber is not suitable for exposed situations.   They are;
a. Use of native hoop and bunya pines, Araucaria spp., for  external sheeting in
Queensland.  Both species are giving service performance in excess of 50  years. Isolated
failures are known, but have been shown to be principally caused by faulty building
practices, or maintenance.
Similarly hoop pine is subject to attack by the Queensland  Hoop Pine beetle
(Appendix  1). As roofing timbers, under galvanised roofs, it was used successfully with no
attack. However, when used under tiled roofs, or as internal floors,  as furniture, and  linings,
severe infestation is found. These apparently contradictory results can be explained by
consideration of temperature and relative humidity  (RH%) regimes, and by the fact that
insect survival and attack may be possible only within certain ranges of the temperature and
relative humidity. These ranges are not yet known with certainty.
b. Some imported timbers, marketed as “Borneo cedars”  (Shorea spp.), classified as
non-durable (class 4), were used successfully in plywood sheeting on external  doors, and
as external framing timbers for “window walls”. In both purposes, preservative treatment
was confined to treatment by Lyctuscides. Except for isolated cases, where the materials
were affected by excessive moisture as a consequence of design, or construction, faults,
service lives of those timbers were adequate. To the author, these examples illustrated the
possibility   that the susceptibility to a hazard, and service  life ratings (and required
preservative treatment of timbers), may be  influenced by what he subsequently describes
as “microclimates”.
They indicated the need for recognition of requirements for improved classifications
of both the preservative treatment, and the service characteristics, of timbers used in
Queensland.
There were two components of this work, namely research and data collation.
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The framework of the research program established by the writer is described in
Appendix 2. It sought to correlate wood structural characteristics with properties affecting
the preservative treatment, and also with service life of timbers.
The results of the correlation with treatability are examined in especially chapters 8,
10, and 12. In the latter, they were incorporated with treatment, and pilot, plant data leading
to classification systems of timbers for treatment.
The second aspect of the work was to collate information on the influence of the source
of timber on its service life, using field records of the writer and observations reported by
staff of the Department of Forestry and by users, particularly the Queensland Housing
Commission, which maintained accurate service data on the service characteristics of
treated timbers for their extensive constructions throughout Queensland.
This information was additional to the data provided by preservative treatment studies,
and to reports by plant operators, and by users. The data eventually led to a workable
classification of the durability, and service life, of timbers, although the incorporation of
geoclimatic influences into timber preservation and utilisation practices were not fully
accepted by some workers not directly involved in these fields.
It became apparent that  many of those workers had assumed the variations present in
timbers, including wood properties, preservative treatability,  and service characteristics,
to be primarily caused by random distribution factors, which fell into acceptible ranges.
Analogies of these relationships, discussed by the writer, occur in agriculture. They
explain selection criteria of plantation sites for hoop pine.   The terms  - “slow grown”, “fast
grown”, “thin walled”, or “thick walled” -apply (see further in this Chapter) to these effects.
They are further exemplified by the ranges, and large Coefficients of Variation (refer
Appendix  27, Chapter  12) of wood density. Table 55, Appendix 23 (citing variations in
species data  for numeric listings in Swain’s Index), confirms these differences. The effects
occur in physical properties (Bolza and Kloot, 1963), and seasoning characteristics.
Conversely, encouragement was given by other specialists in timber. They included
Dr. M. Chattaway (D.F.P., CSIRO), whose work was extensively applied (Chapter  8) by
the writer.  It will be shown that, in preservative treatability, (Chapters  8, 12, 14) these
relationships had significant effects on timbers. The research described in Chapters 10, 12,
14, was due to these differences being proven to be real, and statistically significant.
Evidence of effects in wood properties from these causes will be cited in this text.
The developments (Chapters 9, 12) by the writer of the concepts of the  “Specific
Vessel Void Volume, and  Vessel Void Concentration”  were used (Section 5.ii.i.i.b.) as
indices of quantitative changes in structure (porosity [count and diameter]), density, and
absorption characteristics, of timbers as a function of species, and source, effects.
3.ii. Geoclimate and Service Hazards.
Geoclimate is defined as the combination of macroclimate and geomorphology
resulting in distinctive conditions that influence tree growth and timber properties. Within
the macroclimatic zones, microclimatic variation occurs in nature, affecting timber use and
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service life.  Major geoclimatic units were described by Cokley and Ryley (1968), and
modified by the writer (Map 1). 
host timbers and climatic conditions was derived from Brimblecombe (1956). Comparable
data on wood destroying fungi, or sap staining organisms, were not available from the
literature, and field observations collated by the writer, and his colleagues, were the
principal source of this information. Field data was confirmed by mycological examination
by specialists from the Department of Primary Industries, and from CSIRO. A general
classification of service hazards associated with the major geoclimatic zones is given in
Appendix 1.
4. Major Geoclimatic Regions.
The large areas, and extensive coastline of Queensland, result in a great range of
climates and service hazards to timber. The climatic zones are commonly associated with
geomorphological features that result in distinctive vegetation types. These will be
described briefly with indications of the principal service hazards.
4.i. The Inland Plains.  These cover most of the State west of the Great Dividing Range,
with altitudes varying from sea level near the Gulf of Carpentaria in the north to between
200m and 600m above sea level in most of the region.
Relief is generally low, but there are scattered low ranges of hills. The climate is
marked by low and erratic rainfall, generally increasing from west to east, high diurnal
temperatures, generally low humidities, but again increasing from west to east.
The vegetation is mostly savannah woodland to grassland, and with desert in the
western extremity. Grass fires are common in the dry season. There are two sub-regions.
4.i.i. In the western part, atmospheric humidities are very low, and the timber
Equilibrium Moisture Contents (EMC) are commonly 5 to 10%. Timber supplied from the
coast should be stored prior to use. Decay and Lyctus attack are limited, but termites present
a serious hazard, particularly in the northern areas, or near rivers.  Floods may persist for
several weeks.
4.i.ii. Towards the east of the region, rainfall and the atmospheric humidities are
higher. Dry sclerophyll forests occur in the central portion, and cypress pine forests in the
east. Pinhole borer attack of freshly felled hardwood logs, and Lyctus infestations of
untreated, susceptible, sapwood are significant. Bush fires are a problem, especially in
cypress pine stands, where volatile foliage constituents increase fire risk.  Large volumes
of timber are required in the underground coal mines of Central Queensland, and the
problems of use and storage for these applications are discussed under microclimatic
influences.
4.ii. The Fertile Plateaux.  Two elevated areas which occur on the western side of the
Dividing Range are marked by very fertile soils. They are important centres of agricultural
activity, but they also have implications for timber usage. They are;
4.ii.i. The Atherton Tableland.  This area in North Queensland, is largely of volcanic
origin, up to 250 km wide and an altitude varying between 500 and 1000m. In the higher
rainfall eastern part, the Tableland was a source of rainforest timbers. Decay and sapstain
are significant utilisation problems. Lyctus and various stem borers occur throughout the
region, and shothole borer (Appendix 1) infestation of fallen rainforest logs is severe. Open
forest occurs on the drier western margins of the Tableland, and is the source of durable
hardwood timbers.
4.ii.ii. The Darling Downs.  This area, in southern Queensland, slopes generally
westward from the Dividing Range to the Inland Plains.  Altitudes in the east from 500-
700m fall to about 200m in the western districts. Acidic rocks underlie the southern portion,
and sediments underlie the more grassy central and northern portions. Rainfall is moderate
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and the diurnal temperature range is substantial. The soils are very deep, black, cracking
clays. When wet, they form unstable foundations for construction, and when dry they allow
deep air (Chapter  15) penetration. Buildings are subjected to considerable flexing between
wet and dry seasons. Power poles (Chapter  15) may sink into the ground, or lean, after a
short time. Moderate decay and insect hazards are noted, including Lyctus, especially in
eastern areas.
4.iii. The Cape York Peninsula.   The southern boundary stretches from Cooktown in
the east to Normanton on the Gulf of Carpentaria. Most of the forests are open  hardwood,
with small areas of rainforest near Bamaga, and  scattered wetlands on both the Gulf of
Carpentaria and, particularly the eastern,  coasts.   Termites present a general hazard, but
insufficient data  is available to describe other hazards except for specific  details at Bamaga,
where Lyctus
4.iv. The Coastal Zone.   This region extends from Cape York to the New South Wales
border, between the Pacific Coast and the Dividing Range, and on the Gulf of Carpentaria
coast, where it may extend for (mainly in the Cape York region) up to 50-100km from the
coastline. There are three major regions of higher rainfall, separated by what have been
termed “Hot Dry Inclusions” (Cokley and Ryley, 1968). Rainfall varies from 500mm to
over 2500mm per year, with a pronounced summer wet season in the north, and a more
uniform distribution in the south. Along the Pacific Coast, daily and seasonal temperature
fluctations are moderate. Relative Humidities commonly average 60 to 70%, rising to 90%
in the wet season. Condensation of water on interior walls of buildings may occur during
humid weather in the northern regions.  The natural forests of this zone range from open
sclerophyll through wet sclerophyll to rainforest. Much of the coastal forests have been
cleared for agriculture. Most of the coniferous plantations of Queensland are in this region.
In the north, both decay and general insect hazards, especially log borers, are severe
in the wet season. A  powder post beetle, Lyctus decidens (Brimblecombe, 1956) is (Chapter
9) widespread. Most species used for sawn timber require preservation. Seasoning (gener-
ally with use of prophylactic sapstain control preservatives) is necessary to control sapstain.
There is a progressive decrease in hazard, particularly of decay, towards the south of the
region. Timbers are affected by termites, log borers, and Lyctus sp. (Appendix 1).
Preservation of sapwood is essential.
4.iv.i. Hot Dry inclusions.  The geomorphology and climate of these areas are similar
to those of the Inland Plain, with lower relief, rainfall and humidities than the adjacent
higher rainfall coastal zones.
4.iv.i.i. The Inland Gulf Inclusion.  This is a large area to the south of the Gulf of
Carpentaria, bordering the Inland Plain and Cape York zones. It is not particularly
important from a timber utilisation point of view due to the sparse population.
4.iv.i.ii. The Townsville-Bowen Inclusion.  This area includes the western falls of the
Cardwell and Harvey Ranges, and on the coastal strip extends with a sharp delineation in
climate, species, and hazards, from the town of Rollingstone, about 50km north of
Townsville, south to between Bowen and Proserpine (again with a sharp separation). It
extends west to the Inland Plain and north west to the Inland Gulf Inclusion. In the south,
the area adjoins the Rockhampton Dry Inclusion about 120 km west of Mackay.
The forests of this area are typically open dry sclerophyll, containing many high
density and durable timber species. The principal environmental hazards are similar to the
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Inland Plains, although temperature variation is slightly less, and relative humidities are
higher. North of the Tropic of Capricorn, above a line from Ayr, curving south and west to
Winton, severe timber degrade occurs due to the termite, Mastotermes darwiniensis.
4.iv.i.iii. The Rockhampton Inclusion.  This area extends from south of Mackay (a
sharp change between Carmilla and St. Lawrence) to south of Gladstone.  It extends
westward to the Inland Plains. Forests are typically open dry sclerophyll, with numerous
high density and durable timber species. Timber hazards include low humidities, high daily,
and seasonal, temperature fluctations, with log borers, Lyctus sp., and termites being
important. The incidence of decay is variable.
4.iv.ii. High Rainfall Zones.   These zones are coincident with the higher elevation
portions  of the Great Dividing Range, but including the coastal strips, with three areas in
the northern,  central and southern parts of Queensland.
Annual rainfall may  exceed 2000mm, mainly in summer, and  accompanied by
cyclonic conditions. Humidities are often high, even during  the dry season. Daily
temperatures are moderate, and with less  fluctuations, than in the drier regions.
The forests of the northern and central zones are typically  rainforests, and wet
sclerophyll forests admixed with rainforests in the south.
Altogether they contain a very large number of both  commercial, and potentially
commercial, timber species. Most of the northern zone has now been included in a World
Heritage Area, from which timber removal has been expressly  forbidden.
4.ii.i.  Northern High Rainfall Zone.   This is a discontinuous zone generally less than
100 km wide,  stretching from south of Cooktown, across the Bloomfield and  Daintree
River catchments, the eastern slopes  and crests of  the Atherton Tableland. It  includes the
districts of Yungaburra,  Millaa Millaa and Ravenshoe, and joins to the Cardwell Range  and
Harvey Range. The coastal strip is included. This zone ceases abruptly at Rollingstone
between Ingham and Townsville. The hazards include most log borers, both Lyctus spp.
(Appendix 1), severe decay and sapstains.
4.ii.ii. The Mackay-Proserpine High Rainfall Zone.   This area is confined to eastern
slopes and crests of the Clarke, Eungella, and northern part of Connors, Ranges, including
the Conway Range. Based on earlier Forestry recommendations, much of the timber
resource, especially in the Conway  and Eungella Ranges (about 50% for the latter) have
been alienated (Chapter 1) as National Parks.  There is a sharp transition to dry inland zones
on the western slopes.  Hazards are less severe than in the northern zone. Lyctus sp. as well
as decay organisms, including sapstains, are present, but rapidity of  attack is lower.
4.ii.iii. Southern High Rainfall Zone.   This zone is discontinuous, the main area
including the Mary  River catchment south from Gympie, Blackbutt, D’Aigular and
McPherson Ranges, and the Dividing Range  between Mt. Mistake and the New South
Wales Border. Outliers  occur at Blackdown Tableland, Goodnight Scrub, Many Peaks and
Bunya Mountains.
The rainfall in these areas is generally lower than occurs in  similar forest formations
in the north. Wet sclerophyll and  araucarian forests are very prominent. Species compo-
sition of the rainforests change substantially  from north to south in this region. Substantial
plantations of exotic species have been developed in addition to those of hoop pine.
Secondary industries, such as manufacture of particle boards, operate on resources
from this zone. Timber hazards are generally moderate, or severe for specific  insects or sub-
zones, and are associated with  starch feeding insects, pinhole and shothole borers, and
termites. The hoop pine shothole borer (Appendix  1) is a severe problem.   Decay hazards
vary from moderate to severe. 
of rainforest, and exotic coniferous, timber after felling is  essential.
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4.v. Microclimates.    Microoclimates influence considerably the service life of  timber,
as shown by studies into soft rots  (Cokley, 1971d,e, 1972a-d, 1973) and marine organisms
(Cokley,  1969a,b,c). 
environments, or may be created by conditions of timber use. Five examples of different
microclimatic conditions serve  to illustrate these conditions.
4.v.i. Mount Isa City and Mines.  Situated 850 km west of Townsville, Mt Isa is in a
very dry  region, with a very severe Mastotermes darwiniensis hazard  in the surrounding
district, although not in the city. A mining company developed a good water supply for the
city,  and evaporative coolers are used to moderate temperatures in  many buildings. This
has increased humidities and equilibrium  moisture contents of timber. Lyctus is a moderate
hazard,  and some decay develops in ground fixtures.   The mines, especially in deep
workings, have been conditioned  to ensure worker comfort, resulting in  both increased
humidities  and reduced temperatures. These conditions are ideal for Lyctus attack, and all
pit  props, and structural timber, must be treated with preservative  (Lyctuscides). Decay is
not a problem for underground tramway  sleepers, and many of these are of low durability,
or contain sapwood,  which has not been treated with preservative other than as  above. Long
4.v.ii. Underground Coal Mines.  In most underground coal mines there are contrasts
between a  fresh-air intake area of the workings, controlled to provide  comfortable working
conditions, and the return air systems, where humidity frequently approaches dew point.
Condensation on timber structures is common, and decay is a major cause of  failure. For
example, young durable hardwood species such as grey ironbark, Eucalyptus paniculata,
failed after three  to five years, and severe pinhole borer attack caused failure  of pit props
in two to three years. These timber pieces were of small dimension, and with a high  sapwood
content.  Initially these timbers were untreated, and consequently became a source of large
populations of  insects and decay organisms.  Mines at Moura and Blackwater  (in the dry
inland zone) and at Ipswich (in the coastal zone)  suffered from these problems. Studies led
to partial remedial utilisation of preservation to overcome these, but the economics of coal
mining resulted in incomplete adoption by managements.
4.v.iii.  Urban Residential Practices.  Traditional Queensland houses were constructed
on high stumps,  which provided very good ventilation beneath the floor. Metal  “stump
caps” provided effective termite protection. Changes to low-set, and concrete slab,
construction led to very  greatly reduced ventilation below floors and to decay failure,  even
when the site was a low decay region. Grey  ironbark (E. paniculata), durability 1, floor
bearers were recorded as failing in under 10 years. Similar failures occurred where garden
developments blocked  adequate ventilation, increased soil wetness and atmospheric
humidity, or provided termite access across built barriers.    Soil termiticide chemical
barriers caused additional problems,  including pollution.  Forest clearing for urban
development has often  increased termite hazards, due to the replacement of natural food
sources by building materials.
4.v.iv. Floods.  Floods produce decay problems in areas normally of low hazard. After
such events,  the author’s observations of buildings in service have shown  that surface
deposits of silt from flood waters accentuated   decay by retarding drying rates.
4.v.v. Natural Topography.    Many examples have been observed by the author where
small  valleys are isolated by high ridges, so that they have  distinctly different climates from
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the surrounding region. These peculiarities may lead to the occurrence of rainforest,  or wet
sclerophyll, species in regions with a generally open  dry sclerophyll vegetation. The
service hazards of timber in such valleys are those of  the geoclimatic zones they resemble,
rather than the broad  zone in which they may be included. Many areas around  Brisbane
are affected by these topographic conditions, and  particular care must be taken in selecting
the appropriate  timbers, or preservative treatments.
5.  Research on Associations between Timber Properties and  Geoclimatic sources.
These are examined from two aspects, namely;
5.i. Interactions with suitability for utilisation and effects on service life of timbers.
5.ii. Relations, and quantifications of effects, with the preservative treatment of
timbers from multiple sources.
5.i. Interaction of geoclimatic source with suitability for utilisation and effects on
service life of timbers.
Major sources of data on these relationships were;
(a) firstly the writer’s observations and assessments of timber performances in service,
correlated with evidence of source.
Railway sleepers provide an illustration. The maintenance records, sleeper cutters,
Forestry Department records, eg. licences for supplies, enabled adequate confirmation of
source/ service site/ service life to be made.
They were supplemented by joint Forestry/ CSIRO and Railway, extended service
trials through the State. Rail sleepers provided an opportunity to isolate local soil from
direct effects by the practice of use of ballast. It did not separate climatic, or hazard, effects
on service.
A unique example is in the light rail line from Almaden (western fall of the Atherton
Tableland) to Forsyth near the Gulf of Carpentaria. Here Cooktown ironwood, Eucalyptus
chlorostachys, pieces, including “rounds”, have given continuing service in excess of 50
years in a very severe termite area. Some are laid directly on the rail bed.
An opportunity to evaluate sleeper source, and quality, arose with construction
(1960s) of the railway lines (under Acts of Parliament) for the Central Queensland coal
mines. Due to timber volumes, and time spans which prevailed, sleepers were cut, and
supplied, by sawmillers using sawmill quality logs. As the lines were for high speed, high
tonnage, coal trains, track maintenance, and replacements, were high. Transmission poles
(Chapter  15) enabled similar analyses.
(b) specific investigation by the writer, such as change in seasoning properties of brush
box, Tristania conferta, dependent on origin.
(c) Repeated assertations by sawmillers, and timber workers, on timber performances
and properties.
(d) observations of trained field workers.
(e) Forestry records held within the Branch.
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Many claims were received, but unless confirmed, they were not given any credence
by the writer. However, consistent assertations, by a number of observers, were treated
seriously. Consequent research demonstrated clear associations between the geoclimatic
source of timber and its properties, including mechanical, and service life.  For example,
timber grown on ridges tended to be harder, denser, and long-lasting, even without
preservative treatment. Sapwood bands were narrow.
The grain was often interlocked, or wavy, so the timber was hard to split. In contrast,
timber grown in a moist and fertile river valley tended to be light, with a wide sapwood, and
was relatively non-durable. It was also commonly straight grained and fissile.
These observations were used to good effect by timber workers in the past, many of
whom cut, and shaped, large building timbers by hand, or made tools handles, from these
timbers. It is extremely difficult to quantify in a rigorous scientific manner all of the
characteristics considered by these workers.
The “timber maturity” was a factor in use. However characteristics such as density,
mechanical properties, structure, and growth, could be correlated. For example, the terms
“fast, or slow, grown” could be related, as could “wall thickness”. The “Standing Tree
Moisture Content”, and  “Saturation Moisture Content”  (Chapter  12) showed changes.
5.ii. Relations, and quantifications of effects, with the preservative treatment of
timbers from multiple sources. Emerging from both controlled pilot plant, and the initial
commercial operations, the author found evidence that timber variability was influenced by
its source. Results from pilot plant trials showed a much lower standard deviation  about the
mean than material from the initial Hot and Cold (Appendix  14) commercial plant operated
(Chapter  1) by T. W. Brandon and Sons, with supplies from over about 300-400 km range.
The writer did establish that, for a high volume species, namely, brown tulip oak,
A.trifoliolatum, but applicable over a range of timbers, these large variations were related
to random sources, and it appeared timber structural associations  could be possible. Over
that time the writer was researching a method of species classification (Chapter  12) for
porosity (defined as size and
frequency), and ray count. Consequently, these properties were examined from these
aspects of source.
As the industry expanded (Chapter  1), the practice of training plant operators “on site”,
under their own conditions, had increased over wide geographical, and climatic, ranges so
enabling the writer to test, and verify, these variations existed. The subsequent information
from this “source network”, including experienced field workers, such as timber cutters,
confirmed the probable influences of source conditions on treatability.
As the writer found similar differences in seasoning of timbers from varying sources,
and as they  were for both treatment and for seasoning, he concluded they could relate to
tinber characteristics which had influences on moisture, and/or preservative, movement.
The differences included the maturity of the tree, which influenced wood structure,
importantly in terms of, not only its serviceability, but  also in terms of its response to
preservation processes. Timber constituents, “Reactivity” (Chapter  8),  “Wettability”
(Appendix  15) and the physicochemical properties of wood,  had effects on treatability,
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which required measurement. The terms “permeability” and “penetrability”, required
(Chapter  8) further definitions.
Hence, if the classification system being developed by the writer (Chapter  12) was to
be effective, the research on the influence on timber properties in terms of treatment
required clarification in these areas. Frequent, significant, differences were found in;
a. wood density (cf. Chapter 12, Appendix  27).
b. porosity variation in terms of count and mean vessel diameter (Chapter 9, Appendix
16, Chapter 12).
c. wettability.
d. moisture content, for which “Standing Tree” and “Stable  Green” (see text) values
varied with species and source.
e. permeability, and penetrability (Chapter  8), affected by items a to d.
f. starch levels were frequently (Chapters  4-7) found to vary with source.
Factors (a) and (d) influenced thermodynamics as examined in Chapter 13.
5.ii.i Confirmation of Variability effects of Source.
The writer used identification of “treatable zones” in timbers (Chapters  4, 8) with
techniques and control  systems, which had been developed (Chapters  10, 11), for treatment
operations (which included treatment solutions) to quantify these possible variations with
especially structural groups for treatment (Chapter  12). Results enabled adequate flexibilty
in the recommended treatment schedules advised to the industry.
5.ii.i.i. Two procedures, and criteria, were developed;
5.ii.i.i.a. Tests, using statistical controls outlined (Chapters  10, 11), and based on
comparison with material of the same species from a known source, and treatability, were
conducted on the species, and source, under investigation.  For each of the reference, and
test, materials,  six  specimens were treated,  per charge, for each of three charges. For some
species in plants, the result was significantly  outside those from the reference, or standard,
material, and was confirmed by tests (Section 5.ii.i.i.b) on structural differences, and
compared in full commercial charges in similar plants.  Subsequent testing under strictly
controlled  pilot plant condition showed the variance was real, and did  point to involvement
of (at least one) factors additional to the treatment process. Further research on these
“anomalies” over a wide range of plants, of species, and sources, confirmed these
differences were real,  and a positive correlation with the  geoclimatic influences was
present.
Two general examples illustrate differences found.
i. Young, fast grown, thin-walled material had a marked  negative deviation about the
species mean density, had greater depths  of sapwood, but a  very positive effect on
treatability.  It is frequently low in extractives such as  polyphenols. For this type of material,
caution is needed in acceptance of treatability results,  of service data and leachability
evidence, the latter being a consequence of low extractives, and of structure.
ii.  Conversely slow grown logs, from the Inland Plains and Dry  Inclusions, showed
reverse values in these properties, and  treatability. Possible hybridisation was noted in
some  eucalypt species.  Variations extended to rainforest species, where sub-species,  or
varieties, did exist. Wettability was a problem, being present  in both open forest and
rainforest species.
Detailed discussion of these are given in Chapter 8.
5.ii.i.i.b. Quantitative indices of the structural and treatability differences due to
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source.
As elaborated in Chapter 12, the writer established an effective species treatability
classification which he had related to Swain’s (1927) Universal Index. Density, porosity
(size and count), and ray structure were significant. Though Swain’s separate indices for
each property (Chapter  12) were amenable to statistical analysis, the composite Index was
not suitable.
Two concepts developed by the writer for the purpose of measuring differences in
preservative retention in hardwoods as compared to those in softwoods, met this need, and
enabled correlations of geoclimatic and/or source differences. The concepts (Chapter 12)
are;
a. The “Specific Vessel Void Volume” (SVV), which is the  measurement, by mean
vessel diameter, pore count (sq.mm), per unit crosssection and volume, and the  wood
density, of the actual volume of vessels / unit density.  When actual sample measured data
are included, local variations are shown by this value.
b. The “Specific Vessel Concentration” (Sc), derived from  the value of “SVV”, is a
quantitative measure of the  preservative uptake.   Their uses are described in Chapter 12.
Typical values of “SVV” are shown in Table 68 (Appendix  32), and application of “Sc” in
Appendix 33. They were also utilised (Chapter  9, Appendix  16) to clarify susceptibility
of a timber species to Lyctus attack.
They were correlated with tests (Section  5.ii.i.i.a) and variations  due to source
differences were confirmed. These relationships are fully  explored in Chapter 8, but
specific examples are cited.
They were;
a. brown tulip oak from areas near the Bunya Mountains, and Kyogle (N.S.W) was
much denser, more refractory and less “wettable” than from other areas.
b. spotted gum from coastal zones, eg. Brisbane, Grafton (N.S.W.) was lower in
density, had higher “SVV”, and “Sc” values than material from north west of Gatton, and
the Burnett catchment forests.
6. Departmental policy on expanded geoclimatic research.   In this area of research, the
Departmental (Chapter  1) policy permitted the writer to elucidate the geoclimatic
influences as discussed in Sections 3, 4, 5, and enabled  industry to compensate in treatment
practices, where these  variations occurred. However, the Department  considered growth
conditions could be better  studied by the Silvicultural Branch.
7. Relationship of Geoclimatic Influences on Hazards, and Timber Treatability with
earlier research on Forest Distribution. The writer postulated a more fundamental relation-
ship  could exist to explain results described above. That was  confirmed by the research
publications of Swain (1928b), and of Webb (1956). Map 2 is reproduced from Swain, but
appears in  both studies. Both workers use a numerical classification of zones, which  vary,
but zonal classifications by this writer agree with  theirs for other than the case noted below.
The difference is in the classification between those workers for the Mackay-
Proserpine High Rainfall Zone [Section 4.ii.ii.],  for which the writer agrees  with Webb’s
distribution of rainforest zones. Swain, however, includes it in a general 1250 mm rainfall
area, but does not differentiate it from, what this writer  terms, the  “Hot Dry Inclusions”.
However, though Swain does not differentiate these Inclusions, he does, in this writer’s
view, describe a probable cause for them by relating  their general location to early
geological  conditions, and influences of dry winds from the west.
30
8. Analogy of General Relationships.   The writer suggests that, to describe timber
utilisation  (all aspects), an analogy is given by representing each  component part as a
separate spoke of a wheel, each emanating  from a central hub. These include moisture,
structure, and   other properties, such as hardness, growing stresses and  density.  Each must
be integrated with other  components for the total wheel assembly.
That hub, which is the basic axis, appears to be made up of  variations of effects of all
the growth conditions on that species.
It conjointly includes effects of the soil, the climate, the topography,  or biological
influences, on a tree, and thus on the timber cut from that stem.  To complete the analogy,
utilisation represents choice of the correct wheel for the required purpose.
The  service life, or performance, of the timber  is represented by the wheel’s rim.
Preservation at the prophylactic, or maintenance, level is equivalent to lubrication of the
hub on the axle. For the long term preservation, this is equivalent to fitting of a metal, or
rubber, tyre to the rim, thus extending the life of the total wheel against hazards.
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CHAPTER 4
VISUAL ESTIMATION OF WOOD STARCH: ITS SIGNIFICANCE AND
VALIDATION.
Because of his wide powers and influences in both political and church affairs, Thomas
More is described, in a play by Robert Bolt, as “A Man for All Seasons”. A like description
could be applied to starch in contexts of forestry and forest products, as it influences the
biochemistry, physiology, and growth of trees, as well as all aspects of timber utilisation.
This non-structural carbohydrate is a very important metabolic storage product, accumu-
lating in the living vascular and axial parenchyma cells (Zimmerman and Brown, 1971).
The amount of starch present in wood is seasonally influenced in species such as E.
maculata (Brimblecombe, 1940a), and by environmental conditions. The seasonal varia-
tions in starch have significant economic consequences for timber usage. Other storage
products, particularly fats, also occur in varying amounts in timber, but their influence on
timber usage is generally less critical than the role of starch.
An important commercial effect is that infestation by several insects (Brimblecombe,
1956) is related to starch content of timbers. Severity of attack is closely dependent upon
starch  concentration in susceptible timber (Brimblecombe, 1947). More than 50% of
commercial Queensland timber species (Queensland Forest Service, 1972) are susceptible
to attack by Lyctus brunneus
are shown to be only Durability Class C, for which the heartwood is suitable only for a
protected low hazard service condition, unless treated with a general purpose preservative.
High sapwood volumes are present in many species, of which a large number are
susceptible to attack by Lyctus
timbers. For resource conservation and for an effective utilisation, these sapwood volumes
require a preservative treatment to prevent any insect attack in sapwood. Achievement of
those objectives of effective timber utilisation and conservation in Queensland needed
reliable tests for timbers which may be susceptible to insect attack. Starch was, for most
species, the only method of such testing. Where timber susceptibility varied during the year,
a quantitative description of the starch content became critical.
As stated in introducing this topic, wood starch, its fractions, and degradation
products, such as sugars, are highly significant in effective timber utilisation. To adequately
use this powerful tool, the writer (Sections A and B)  undertook research into a number of
inter-related aspects of starch occurrence in wood, and its estimation, with aims which
included the ability to scientifically apply it in the total usage of timbers.
This aspect of his research played a major, and continuing, part in the author’s role (and
mandate) of establishing an effective preservation industry. As this was a major program,
in addition to aspects described in subsequent chapters 6, 7, 8, and 9, discussion of the
applicable research (later also utilising data cited in Chapter 5), on which work reported in
those chapters was predicated,  is made in a number of inter-related sections. They are;
A. Scientific, Legal, Historical, and Economic factors influencing research into starch
assessment in wood.
B. Optical and Visual Gradings.
These included preliminary quantitative assessment and study of factors which
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influenced starch determinations, which led to procedures developed by the writer to
exclude variables in assessment. These were validated by use of an independent analytical
procedure. This latter confirmed the relationships between visual assessment and starch
concentrations in timbers were logarithmic, were species and operator dependent. Tech-
niques developed by the author suitable for both field, and for laboratory, application,
removed these dependencies on the substrate, and operator.
C. Recommended Visual Classifications of wood starch.
D. Constraints on the assumptions of total starch estimation based only on the amylose
fraction. The author confirms the developments, and gradings as recommended from this
work, meet both research and the industry requirements.
A. Scientific, Legal, Historical, and Economic factors influencing research into starch
assessment in wood.
At the commencement of these studies, it was clear that little research had been done
on the problem of starch assessment in timber. There was an opportunity, and a pressing
need, for evaluation of methods for quantitative description of significant factors associated
with variation of starch in wood, analytical determination and for field estimation. Unless
that need for reliable estimation of starch was satisfactorily met, subsequent developments
in effective preservation, and resultant resource conservation, would not have been
feasible.
When the work to be described was begun, existing starch tests had an assumed
validity that was not always justified when viewed in terms of legal, or scientific,
requirements. Before the introduction (Chapter 2) of detailed legislation in 1946 (New
South Wales) and 1949 (Queensland),  for most applications, common practice was
satisfied if the test demonstrated whether starch was present, or absent. Intermediate
judgements between a negative and a high starch presence were very subjective. For greater
accuracy, wood samples required  laboratory analysis (cf. Chapter 6) where the consistency
of the results depended on the analytical method used.
This section of the Thesis describes ensuing research by the author, particularly in
areas related to assessment of starch in timbers. Several factors influenced the course of this
research, and they are most readily described in the following sequence:
A.i. Deficiencies of existing starch tests and varied requirements which were neces-
sary to meet.
A.ii. Assumptions made on the nature of starch, and on test methods.
A.iv. Legal constraints to timber certification and use.
A.v. Historical developments of starch tests on wood and wood products are summa-
rised in Appendix 3.
Two substantial and critical research projects undertaken by the author are outlined in
Appendices 2 and 13.
A.i. Deficiencies of, and Requirements for, Starch Tests.  Prior to the research
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described  starch testing practices were subjective, varied between operators so they were
unable to satisfy the following conditions.
A number of anomalies (Irvine, 1948, Gay, 1950) were noted, where timbers with a
“negative”  starch rating exhibited Lyctus attack.
A.i.i. A need to carry out large scale starch testing over more than 350 timber species,
A.i.ii. Correlation under legislation and Standards (Chapter 2) of starch absence, or its
presence and concentration, with the results of preservative treatments.
A.i.iii. Be applicable by personnel (for example, by building inspectors or preservative
treatment operators) with a wide range of expertise, who may be required to test material
relative to suitability  for its usage in terms of legislative requirements, or for classification
as to requiring preservative treatment.
A.i.iv. Be objective and usable in research studies.
A.i.v. Meet legal requirements in a court of law.  Because of importance of starch to
use, and treatment, of timber  it was necessary to develop a method of testing for, and
A.ii. Classical Definition of Starch.  Starch was recognised in biological usage in the
1940s, as having a granular structure, possessing birefringence under polarised light. It is
soluble in boiling water, and is precipitated by ethanol from an aqueous solution. It gives
a “blue” colouration with an aqueous solution of iodine and potassium iodide (I/KI).
This definition relies on optical microscopy, on a single, but non-specific, chemical
reaction, and is, effectively, only qualitative,  and subjective.
A.ii.i. Assumptions made on Starch tests.  Many workers assumed (and some still do)
that starch is a single chemical compound. In fact, starch is a variable mixture of two
carbohydrates, each a polymer of glucose, but each with  different structure, and differences
in chemical reactions. The most important of these differences (refer Chapter 5), in the
present context, rests in their reactions with the iodine-potassium iodide (I/KI) reagent.
One of the starch polymers, amylose, does react with I/KI to produce a blue colouration
with a narrow maximum absorption wave band.  The other polymer, amylopectin, typically
about 75% of starch, does not form the classical blue colour with I/KI.  A colour reaction
does occur, which will be discussed in detail (refer Chapter  5, “Blue Value”). Degradation
products of starch (Chapter 5) may not give this reaction.
Agricultural starches vary greatly in composition  and such is dependent on (see
Chapter 5) their source. This is usually included as part of a full description (BDH, 1949)
of such starches. For cereal starches, the type of extractant, temperature, and pH of
extraction, affected their reactions, and hence chemical (AOAC) estimation of starch
concentration.
There had been little analysis of wood starches in relation to information available on
agricultural starches. For wood starches from different species, equivalent data was  not
available, nor were the consequences of any variation in starch composition on Lyctus
nutrition realised. This is examined in Chapter 9.
It was originally assumed that the chemical constitutions of wood starches, their
chemical reactions, and the patterns of nutrition of feeding insects such as Lyctus larvae
were constant. There was every reason to conclude that the same qualifications applied to
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wood starch determinations. This topic is discussed in detail in Chapters 5, 6, 7 and 9.
A.ii.ii. Relations to Agricultural Starch Standards and Methods.
In this research on starch, which included wood starch, including quantitative analysis,
(Chapter 6) the writer used purified potato starch as a standard (BDH, 1949) in order to
maintain  continuity with earlier  research by overseas workers such as Campbell (1935).
The author used  purified potato amylose as the reference to standardise varying supplies
of the potato, and of other, starches. Laboratory grade potato starch nominally contains 27%
of amylose (BDH, 1949) but it may vary with grade between 25 and 27%.
Laboratory analytical methods use purified agricultural source starches (AOAC) as
the reference, hence other starches were studied, and compared to potato starch. Evidence
accumulated by the writer indicated a starch source is significant when comparing results
by different analyses. A standard laboratory starch derived from arrowroot with an amylose
content of 21% gave different results to the potato starch, typically 25-27% amylose
content. This was independently confirmed. Later tests of potato and maize starches
(Kennedy, 1971) for iodine-iodate procedures, showed a significant difference was present
between the two starch sources. Separate studies, which did include potato amylose as
control, were made of quantitative evaluation of degrade in starch extracts.  The potato
amylose was also used as standard for specific research projects where possible variations
caused by amylopectin, illustrated by studies in Chapters  6 and 7, in starch were excluded.
That evidence also showed the essentiality of comparison of  extraction and analytical
techniques to rigidly controlled standardised reference procedures. A minimum degrada-
tion of starch fractions (Chapters 5 and 6), use of a known, or a constant, proportion of
amylose to amylopectin in reference starches, are requisites to effective standardisation
methods.
A.iii. Initial Data.  From 1946-47, and subsequent to training under Dr. A.R.
Brimblecombe  (cf. Section A.v.), the author compiled extensive data on starch occurrence
and assessment. This was from research projects  and routine service responsibilities. It is
important that, in that era, no access to computer storage facilities  was available and these
data were recorded, and retrieved, by hand. Initially  at least 3000 records were added each
year, increasing to over 5000 as research and industry activity and demands increased. As
part of standard laboratory quality controls, the records from sample registers were
correlated. Results, most directly on this topic, were analysed for source, preservative, or
manufacturing, process, including seasoning effects (Chapter 7). Data were examined, any
trends determined, and, where applicable, included statistical study.
Information, using this data bank, led to the writer undertaking research into factors,
such as the influences of service and preservative, processing, or seasoning treatments on
the stability of  starch in timber, its possible degradation, and effects on its assessment.
These are further examined in Chapters 5 and 7.
A.iv. Statutory framework, and legal constraints,  for starch assessment.  Differences
between the Queensland and New South Wales  legislation  concerning susceptibility to
Lyctus spp., were important to research on starch assessment. Acts in both States nominated
specific timbers as “susceptible” but the Timber Marketing Act of New South Wales (TMA,
1946) specified “Lyctus
Queensland (T.U.P.A. 1949) (Chapter 2) specified only “Lyctus susceptible timber” as the
general term. Both Acts related susceptibilities of timbers to the visual  presence, and
qualitative estimate, of starch in each timber. A starch test became the only legal means of
delineating the timber zones or conditions defined under the Acts. Neither Act prescribed
specific procedures in testing. The legal emphasis on starch  required positive, and/ or,
35
negative findings on its presence in timber.
A.iv.i The two defined terms of “sapwood” and “timber”, though apparently inter-
changeable, and the applications of the starch test, had very different consequences on
timber utilisation.
These were:
A.iv.i.i. In Queensland, a distinction  between “Lyctus susceptible sapwood”, or non-
susceptible heartwood was simple in the open forest species (eg. eucalypts), but was
difficult, or impracticable, in many rain forest species. Research (Chapter 8) by the author,
and others, showed that adoption by Queensland of “Lyctus susceptible timber” was very
sound due to the situation that total log volume of many rain forest species, and not simply
the sapwood, could be Lyctus susceptible.
A.iv.ii. For timber to be defined as “not susceptible” under the Act (T.U.P.A. 1949),
there had to be a complete absence of starch in timber. Zero grade (Table 1) became
mandatory in classification systems under the Queensland legislation, and a necessary part
of research on  the quantification of methods of starch assessment involved separation of
this from positive grades. The New South Wales Act implied the minimum zero rating was
not required, or was flexible.
A.iv.iii. As the Act did not specify a procedure to test for starch, for prosecutions to
succeed under the Act,  some senior legal opinions held that a test for “Lyctus susceptible
timber” must be universally applicable, including field usage by operators of non-specified
qualifications. Subsequently tests for legal actions were accepted only if they were carried
out only by trained  personnel empowered (or gazetted) under the Acts.
A.iv.iv. Though the Acts did not specify a starch test, it became an  essential part of
the Act, and Regulations. Consequently the starch test had to be acceptible in legal
proceedings under the Act (criminal law [Chapter 2]) and civil law  actions.
A.iv.v. Legal restrictions on timber usage had been made on the basis of a “blue” colour
reaction of starch with an aqueous “iodine solution”. For conditions (Chapter 2) where a
“non-zero” starch test result was permitted, the intensity of colour had to be quantified
(Chapters 5, 6). These consequences formed the bases of much of the work described in this
Thesis.
A.v. Historical Development of Visual Starch Grading Classifications.
A visual grading system for starch in Australian timbers was originally based on
developments by the Forest Products Laboratory, Princess Risborough (Fisher, 1928,
Henderson, 1935, Parkin, 1934,1936). They were adapted by Cummins and Wilson (1936),
and Brimblecombe (1940a), whose scale is cited in Table 1. Initial systems contained four,
or five, grades, describing the distribution of starch grains in specimens, as identified by I/
KI staining. The system was adopted for usage in Queensland  without independent
verification study being carried out other than by a  subjective visual rating.  The adopted
(and amended) procedures are outlined, with sampling methods (and special precautions
described for veneers) in Appendix 3. Appendix 10 describes the procedures which
developed from this research. The relationship between the starch and possible Lyctus
attack is examined in Chapter 9.
Brimblecombe (1940), used  five numeric categories for starch (interpreted by some
workers as being linear scale increments of concentration) and concluded (Brimblecombe,
1947a) that timbers which had a numerical rating in excess of 1, that is starch distribution
which was at least “sparse but regular” (Table 1), were susceptible to Lyctus attack.
A.v.i. Subsequently, a scale compiled by Brimblecombe (1947b) for commercially
grading species susceptibility to Lyctus spp., used only a single rating, which combined
numeric grades 0 and 1, as  “Immune” (Table 1). Grade 2 became “Rarely Susceptible”
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The term “Immune” was not defined in either of the State Acts. It thus became an “ex
officio” equivalent of the 4 classifications scales of Parkin (1934), Henderson (1935, 1943),
and other workers. Differences between the States authorities, and CSIRO, in interpretating
commercial ratings “Immune”, and “Rarely Susceptible” for classifications of some
species, were resolved by entomological concordance.
That apparent disparity between Brimblecombe’s 1940 and 1947 classifications is
explained by the fact that the 1940 scale was for evaluation of seasonal starch variations in
E. maculata, but the  1947 scale was designed for a commercial susceptibility rating for
Lyctus brunneus Steph.
TABLE 1
 Comparative ratings and classification of visual starch grading systems.
Title Description Numeric rating Grade
viewed by 10x (Note 1) (b)
lens six five(a)
____________________________________________________
Nil No Starch present 0 0 Imm.
____________________________________________________
Trace Isolated, very 1 1          Imm.
(Note 1) scattered
___________________________________
Slight Few, but scattered 2 1
Light Sparse but regular 3 2 R.S.
Medium Numerous, uniform Mod.
generally separate 4 3 Sus.
and distinguishable
____________________________________________________
Heavy Heavy concentration High.
and distribution; 5 4 Sus.
grains difficult to differentiate.
____________________________________________________
(a)  (Brimblecombe, 1940)
Note 1. For Trace, and subsequent grades, starch  present. Trace used in five numeric rating title for
grade 1 (after Brimblecombe, 1940). Six numeric scale  used in research program by the author.
(b) grades used by Brimblecombe (1947b) for commercialclassification of susceptibility.
“Imm” = Immume. “R.S.” = Rarely susceptible. Sus” = susceptible“
“Mod. Sus.” = moderately susceptible.
“High Sus.” = very susceptible.
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B. Quantitative Assessment of Starch in Timbers.
A quantitative starch grading system for field use, as well as in the laboratory, had to
be cheap, simple, and reliable. Chemical analyses (Chapter 6) were impractical  as a routine
for all samples, and the development of optical/visual tests was needed. These had to be
verified by more precise microscopic and/or chemical analyses. These processes are
described in the following sections.
B.i. Optical and Visual Gradings.
B.i.i.  Preliminary Quantitative assessments.
B.ii.i. Significant Factors, other than operators, on the assessment of starch in timbers.
B.ii.ii. Influence of operators on assessment.
B.iii.   Validation of grading systems.
B.iii.i. Factors influencing validation.
B.iii.ii. General program.
B.iii.iii. Extraction and Quantitative Evaluations.
B.iii.iii.i. Effects of Extraction on assessment, and the  development of this technique
as a suitable assessment system.
B.iii.iii.ii. Independent calibration of grading systems,  including effects of species
and operators,  by an independent analytical procedure.
B.i. Preliminary investigations and starch assessment standards.
This work had two objectives;
(a) to describe precisely the extent of variation in the testing for starch in timbers, and;
(b) to develop a grading system suitable for both field and laboratory use.
B.i.i. Quantitative assessment in timbers.
Starch content of timber specimens was estimated by several visual techniques to
determine the reliability of current methods, based on the reaction with I/KI reagent. Initial
data (Section A.iii) used a single sample per test (multiple species and origins), but, as
evidence of variability accumulated, the writer increased his studies to replicates.
This was subsequently expanded to a research project to initially confirm, and
subsequently to clarify, the variabilities, and factors influencing such variation. For each
method of assessment, at least six estimates (single operator [later extended to three
operators]) of the number of stained starch grains were made on each of three  samples, for
each level of starch over initially a wide range of species (Section A.iii), but, subsequently,
a total of five species (representative of the timbers in   Appendix 2) were used as standards.
Specimen examination included multiple tests at different depths in the wood, and
progressive longitudinal sections. They were selected to ensure a wide range of colour, ray
structure, starch and density, and were;
(a). initial species were  Brachychiton sp., a kurrajong,  A. trifoliolatum, brown tulip
oak,  E. maculata, spotted gum, with starch grades from zero to heavy (Table 1).
 Beilschmiedia bancroftii,
yellow walnut (golden yellow in colour) and Cardwellia sublimis, N. silky oak (dark brown
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with prominent ray structure).
These species were also used for operator assessment, but for that particular phase, a
standard (Section B.i.ii.) of three replicates for each starch grade, per species, per operator,
were used.
The studies were supplemented by routine samples.  Radial surfaces were used as
standard. Methods employed were;
B.i.i.a. A stereoscopic microscope, operating at 10x (see below) magnification, with
vernier and scale facilities. Samples were measured in the reflectance mode.
B.i.i.b. A 10x magnification hand lens, selecting fields of view at random.
B.i.i.c. Estimation by the naked eye.
The estimates made with the 10X stereoscopic microscope were taken as the standard,
as they could be determined with the greatest precision. Estimates by the unaided eye were
not satisfactory, especially when the number of grains was small, but there was no
difference between the results obtained from the microscope and hand lens.
B.i.i.d. Stereoscopic microscope as in Section B.i.i.a., but with 20x magnification.
B.i.i.e. Stereoscopic microscope as in Section B.i.i.a., but with 40x magnification.
B.i.i.f. Compound microscopic examination of very thin sections of timbers.
Surface examination at 20x or 40x did not result in an increased precision of estimates
of the number of starch grains over those made at 10x, but the higher magnification did
indicate the effects of pretreatments of timbers on the characteristics of starch grains. Thin
sectioning, and compound microscope examination, of timber specimens was not suitable
for application to routine starch estimation. Softening of the timber by boiling prior to
sectioning altered the size, and sometimes (cf. “coalescence”, Section B.ii.vi) the number
and colour of starch grains. This technique presented only a very small sample area for
starch assessment.
For other than a relatively low count of starch grains, the author concluded that, for
other than specific cases, typified by these studies, where an authentic standard was
required, the count procedure was not practicable as a routine. The most practicable method
was to assess the relative size, and frequency of starch grains, using the scale developed by
Brimblecombe (1940), supported by the photographic index developed by the author.
B.i.ii. Operator interactions with species and starch grades in assessment.
Three trained estimators were used to grade the starch content in five species (cf.
Section B.i.i.) covering a range of timber colour, ray structure, and density, and with each
species having a wide range of starch contents. Each specimen for estimation was assessed
microscopically for each grade, by an independent assessor, from nil to heavy according to
Table 1. Three specimens were tested for each species and starch level, and three estimates
were randomly made on each specimen. The results of visual assessment (unaided eye or
10x hand lens) were significantly associated with operator and species. There was good
agreement at the “heavy” grades, but variations (+/- 1 grade) occurred for the other levels.
This was noted for estimations between zero and grade 1 (Table 1).
Operators also followed the previous practice of tests on multiple depths in a sample.
This variation confirmed a need to develop an independent technique for starch testing.
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B.i.iii. Development of a photographic index.
The studies described above demonstrated the need to standardise the assessments
made by different skilled operators and to take account of factors such as timber colour and
structure. Because microscopic examination was impracticable in the field, a photographic
index was developed by the author. The three operators and five timber species were used
in this development.
This modification was tested, and used, for the multiple assessments required in
relation to the major project in Appendix 2.
B.ii.i. Significant factors in starch assessment, other than operators.
B.ii.i.i. Wood structure was important, particularly  the relative size, and spacing, of
the vascular and axial parenchyma tissue, and the proportion and pattern of distribution of
each. These tissues were the sites of starch accumulation.  Wide, prominent, radial tissue
such as in the silky oaks,  Cardwellia
did not give that prominence.
It was important that, in assessment, an observer focussed on the starch in a ray zone,
but evaluated it as a function of the total surface. Starch density varies between rays and
along the length of a board.
B.ii.i.ii. Orientation of wood surface tested had an important effect on the starch
grading (Section B.ii.i.i, above re structure). Grading is an estimation of the concentration
of starch per unit area of wood. The starch is located in parenchyma cells, and proportions
of these cells in a section vary considerably with orientation. In particular,  the radial
sections will expose greater proportions of parenchymateous tissue than will a transverse
or tangential section, due to disposition of vascular and axial parenchyma.
Allowance for variable ratios (Tables 2 and 3) of ray tissues to total surface and
implications for volume is important.For identification, and classification, of timber
species, counting of the rays (Swain, 1927) is based on the numbers in a 5mm. diameter
circle. As the ray size decreased, count increased, and the numerical rating is an inverse
measure of size as visible to the eye, or low (10x) magnification. This enabled proximate
evaluation of the influence of ray structure on assessment.
B.ii.i.iii. Starch grain size varies (Bamber 1964) considerably with species. Many
operators made visual assessments only on the “total colour” estimate, a function of
apparent grain size, and surface appearance, rather than actual count, or estimate, of size,
and number, of starch grains.
This was the principal difference between a correct usage of Brimblecombe‘s (1940)
classifications and common practices. That author stressed the relationship between starch
grains frequency and distribution with numerical ratings. A visual appearance is affected
by pre-treatment given to a specimen prior to examination, as described in  Section B.ii.i.iv.
below.
B.ii.i.iv. Wood colour affected the ease with which “blue” stained starch grains could
be seen. Pale cream colours (kurrajong), or yellow-gold (yellow walnut) accentuate the
“blue” starch; brown timbers (brown tulip oak) tend to mask the colour. An overall result
is that an operator will overestimate the former, but generally underestimates the latter.
Sensitivity of operators to blue wavelengths, referred to in later discussions, is affected by
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the wood colour.
The author established that prior application of 10% chloral hydrate to a wood surface
reduced the intensity of colour. It did not interfere with the starch estimation, but when a
concentration in excess of 10% is used, some swelling of the starch grains is caused.
B.ii.i.v. Wettability of a timber increased the ease with which the aqueous I/KI solution
penetrated the wood parenchyma.
This was also a function of moisture content of the specimen. Very low moisture
contents affected wettability and starch assessments. They are discussed (Chapter 7) as
dehydration effects. For veneers, and plywood, that was important.
B.ii.i.vi. Processing treatments sometimes influenced the appearance of both wood
and starch.  Logs were commonly boiled in water prior to peeling, or in slicing, for veneer
manufacture (see Appendix 3), and this material commonly indicated low starch contents.
Microscope examination of many samples by the author confirmed there is reduction
in starch ratings in the scale following  (refer Appendix 3, Chapters 7 and 8) a lengthy, hot
water immersion. This change  was also noted from extended high humidity heat treatment
(cf. Chapter 7).   In the context of testing timber, this is related (Chapter 5) to degradation
(Greenwood, 1967), or to hydrolysis, of starch.
Solution (see Chapters 6 and 7) of starch frequently occurs under these conditions.
Dextrins may be formed, and starch may be degraded below the “Limit Dextrins” (cited in
Chapter 5). Further examination showed that immersion of wood sections in water, or
aqueous salt solutions, at, or above, 70o C. for extended periods caused some loss of grain
structure, which resulted in some gelatinisation and/or solution of starch. A like effect was
noted from  prolonged immersion at lower temperatures. In addition, hot water treatment
altered the colour produced by I/KI from “greenish-blue” to “deep blue” or “blue-black”.
“Coalescence” of Starch Grains.   Examination of large numbers of samples from many
species in routine work led the author to recognise that, as the number of starch grains in
an axial ray increased, a heat treatment in water, or high humidity, resulted in “coalescence”
(and often loss of structure), of grains. The consequence of this was that the position of a
sample in the grading system (Table 1) could increase to the highest of the starch ratings
as the result of treatment.
B.ii.i.vii. Effects of Preservatives and Adhesives.
Wood preservatives, and some glues that contained starch or cereal flour, interfered
with the starch test. Samples were  frequently required to be examined after such treatments.
Research on a total of 22 preservatives (Appendix 4) showed interference to starch tests was
significant in many cases.
Four oil-based preservatives, including creosote formulations, light organic solvents
and heavy oils (eg. distillate) caused substantial interference in the starch test. All of this
class of preservatives required to be removed by Soxhlet extraction before the starch
determinations could be made.
Water-borne preservatives showed variable effects. Tests on five single salts and
simple mixtures (boron and fluorine compounds and mixtures) did not interfere in the starch
test. Seven other simple formulations, including some chlorinated hydrocarbon emulsions,
gave no interference, or only very limited effects, on starch tests. Methyl bromide gas, used
in the quarantine fumigation of imported logs or timbers, had no effect on determination.
Five multisalt (eg. copper/chrome/arsenate) formulations all showed major interference
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with the starch test, shown to be related to the copper, and/ or chromium (reduced)
component giving a “black”, apparent granular, effect in (particularly the vertical)
parenchymateous tissue. This was interpreted as an apparent high starch rating. This
interference can be reduced by pretreating samples with 1% HCl without causing  measur-
able effects on the starch content. The “false” rating does not then occur.
B.ii.i.viii. Some observers tended to extrapolate surface concentration as applicable to
a volume of wood, or alternatively estimate several readings at different depths as a mean
value for the volume. It was confirmed that this assumption was invalid.
A  volume measurement must be made on extracts of ground samples. This is examined
in further developments here (Section B.iii.iii.i), and in Chapter 9.
Examination of thin (approximately 1 mm thick) sequential radial sections resulted in
starch gradings which commonly vary from the preceding, or subsequent, sections by more
than one grade. This effect was first noted in thin sliced veneers, and is frequently found in
sequence sections of timber.
The variabilities found, including operator effects, led to further studies  (Sections
B.iii, and  B.iii.iii,i) for more uniform, consistent, and effective means of estimating, and
confirming of, starch in timber.
B.ii.ii. Variation between operators in starch testing.
The studies (Section B.i.ii) showed a critical feature of visual grading systems was
subjectivity of assessment by the operator, even where skilled personnel were used.  Results
were most significant for lower starch levels, and tended to reach agreement, and combine,
on higher levels. Variation between operators in excess of +/- 1 was present, heavily
dependent on species, but with indications that a sub-division (see Table 1, six numeric
rating) in the lower grades 1 and 2 may be present.
This was in agreement with the earlier microscope examinations. Photographic
standards (Section B.i.iii) proved satisfactory in reducing the inter-operator variablity.
Repetitive training of the assessment team resulted in their individual attainment of
reproducible measurement standards.  When species effects were present, they were not
reduced to below +/- 1 , except for a zero, or the highest rating of 4 using the five numeric
scale (Table 1).
B.ii.ii.i Operator Sensitivity to Wavelength.  A physical factor present was the
personal sensitivity of an operator to these (blue) wavelengths. This was affected by the
colour and texture of the wood. Colour sensitivity, particularly in small changes in shades,
or hues of a colour, occurs in laboratory procedures. This is illustrated by indicators, field
comparison of the colour for reactions such as pH., or for phosphate determinations. It
seems more prevalent in the blue end of the spectrum.Direct results were amendments
described (see Chapter 11) for the solution control of boron compounds, by a change from
use of bromthymol blue and methyl orange indicators, for titration in solution, or wood,
analyses.
B.iii. Validation Research Studies on Grading Systems.
B.iii.i. Factors for assessment in  research on the validation of starch gradings.
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Resulting from factors discussed above, the writer decided to conduct a series of
studies to validate visual grading systems for starch in wood of species classified as likely
to be affected by Lyctus. Such must meet the requirements discussed earlier in this Chapter.
For these stages of the program, the author postulated;-
B.iii.i.i. the preliminary evidence clearly showed wood influences  such as structure,
B.iii.i.ii. Additional to colour sensitivity, operator reliability is heavily influenced by
factors in i., but there was need to separate out these variables to confirm if an operator
variation was independently present.
B.iii.i.iii. However in most situations, the operator assessment would be on the wood,
and an independent calibration of operators to an external analytical procedure is essential.
If that could not be done, extractions, dependent on results under discussion, and/or
quantitative analysis would be the only meaningful options available.
B.iii.i.iv. Starch is, by definition, an extractive. The author had found that problems
in estimation of tannins (Cokley, 1946b,c) were reduced by extraction from ground
material. It seemed problems found in starch detection could be removed, or be reduced, by
an extraction prior to assessment, subject to need for such technique to be usable under field
conditions.
B.iii.i.v. As an extractive, starch solubility from wood tissue may be affected by
extractant, or technique, used. The extraction techniques or reagents can also degrade the
structure of the starch fractions. If so, and structure of starch fractions is modified during
extraction, it needs to be shown that results are repeatable, that is, any changes are
consistent.
B.iii.i.vi. Final visual assessment on extract should be capable of independent
verification. For the visual grading, provided operator assessments on extracts are repro-
ducible, shown by an independent study, that would be adequate.
B.iii.i.vii. The current procedure did not truly reflect the variation of starch with depth.
Accordingly it did not give an accurate assessment of starch concentration per unit volume
of wood. It will be shown the Lyctus larva consumes a volume of wood in its digestion,
which (Chapter 9) includes non-parenchymateous  tissues i.e. additional to radial (main
starch site) tissues. A preservative retention is measured as a percentage of mass, which
relates to wood volume by density. It had currently involved, as stressed above, the relating
of that retention to a surface starch estimate.
B.iii.i.viii. Legal implications to the quantification of visual starch estimates by
chemical procedures.
Implications of variations in a starch constitution, stated (Section A.ii.) under
definition of starch, apply to studies on extraction assessments, but they are more
applicable, and significant, where chemical quantitative calibration is involved. Though
they affect absolute values determined, they do not nullify use of the potato starch as a
reference (discussed hereunder) and which is also considered in examination of results.
a. Under legislation (T.U.P.A., 1949) only “starch” was named in relation to the
definition of susceptibility to Lyctus spp. The TMA (1946), as indicated in Chapter 2,
implied there was  a quantitative measurement of starch in terms of susceptibility of timbers
to Lyctus spp.
b. Neither of the two Acts gave formal procedures for starch detection or estimation.
c. Legally, and  though chemically a mixture, “starch” is a single term, where both
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components are assumed present in “normal” proportions. The Acts give starch a legal
“entity”.
d. Starch ratings of a specimen were (refer discussion Section C, and Chapters 5, 6, 7
and 9) nominated, as earlier discussed, based on the scale (Table 1) as “starch” using a
“blue” reaction with I/KI. Accordingly, quantitative correlations of the “wood starch” were
necessarily on an equivalent reaction, viz. the “Blue Iodine” colour. Significance of this is
examined in Section D in discussion of results and, especially, in Chapter 9, dealing with
Lyctus.
e. In earlier discussion (Section A.ii) the writer stated that starch is composed of two
fractions, and that only amylose gives a blue reaction with the iodine reagent. Moreover,
he stressed that ratios of these fractions for timber species were not clarified, but in
agricultural starches the ratio (variable with source) was of a general ratio order of 1 part
of amylose to 3 parts of amylopectin.
Thus it is appropriate to presently state that “wood starch” measurement results
obtained are more correctly described as “wood amylose” expressed against potato starch
standard. On this basis, unless the presence of amylopectin is shown, such measured values
may be (see discussion, Sections D.i, D.ii) magnified by the potato starch/amylose ratio,
which in this discussion is a factor of about 4:1.
B.iii.ii. General Program.
For meaningful interpretations of any assessment studies, it was necessary to confirm,
or exclude, these postulates. If they were correct, then the removal of variables, and the
concurrent operator measurement correlated to an independent analytical method, would
remove, or reduce, the subjectivity of, and validate, the visual starch test. Study would
include a statistical analysis of correlations. Part of general research programs into starch
determinations  involved (Chapter 6) separate studies on methods and suitable extractants
for semi-quantitative and analytical purposes.
A great diversity of techniques was tested, some of which are discussed in Chapter 6,
which covers analytical studies. Results discussed here formed part of on-going study in
these fields. The program under discussion would, in turn, independently indicate if the
planned co-ordinated analytcal procedures based on ground material (chapter 6) were
justified. If not, then new alternative preparatory techniques could be needed for quantita-
tive analytical methods.
These studies concentrated on the removal of influences of the wood substrate by
extraction of starch from wood samples, followed by semi-quantitative, and, subsequent,
quantitative separate correlation of operator visual determination. They were carried out in
two related stages.
They were;
1. assessment of extraction on visual starch estimation.
2. An independent calibration of visual estimation by the operators and the starch
rating scale using an iodiometric spectrophotometric technique.
B.iii.iii. Extraction and Quantitative Evaluation.
B.iii.iii.i. Influence of Extraction upon Reproducibility of Visual Estimation by
operators.
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B.iii.iii.i.i. Experimental procedure  used is described in Appendix 5, with applicable
annotation.
B.iii.iii.i.ii. Species.
Based on timbers selected for the research project (Appendix 2), the writer selected 3
species (Table 2) to compare reproducibility of extraction techniques, which  were from the
same species (enabling direct comparison) used in preliminary studies (Sections B.i.i,
B.i.i.ii).
They were;
(a) kurrajong, Brachychiton sp., prob.acerifolius.  (b) yellow walnut, Beilschmiedia
bancroftii.  (c) Northern silky oak,  Cardwellia sublimis.
Operator effectiveness was tested under these conditions. Due to staff changes, two of
the original three assessors as used in the preliminary phases were replaced. To ensure
continuity of the program, both new appointees were given the same training as the previous
personnel. To ensure lack of operator bias, for tests cited in Table 2, the choice, by a referee,
of starch grades for each species, was on a random basis.
B.iii.iii.i.iii. Results of Extraction on the Visual Estimation by Operators.
a. Results, using separate, triplicate specimens, for the three operators, for each
species, are shown in Table 2.
b. Reproducability within, and between, species for operators is satisfactory for
equivalent grades.
c. Structural, and colour effects of species are absent.
Results confirmed the author‘s hypotheses that species physical characteristics have
a major influence in assessment. The method was confirmed by extensive tests as suitable
for field use, and is comparable to similar tests, such as soil pH values.
The procedure, developed (circa 1950) by the writer, has now been tested on wide
ranges of species, samples and operators.  It was adopted for standard training of new, and
field, staff.  Apparent disparity of times for the visual extract, compared  to analytical data
(Chapter 6), is caused by relative differences in extractant volume for the wood. For the
visual test, volume proportion of extractant is 2.5 times that in the analytical procedure.
It should be noted extraction using only water as extractant is referred to in both of
Appendices 4, 5. That was studied, but was used only as noted in Appendix 5, as some colour
was extracted, which was not the case with the calcium chloride.
Table 2.
Effects of starch extraction from timber samples on
operator visual assessment.
Ray Operator
No. Species / grades (1)
(5mm)2 A B C
1 water/extractant control 0 0 0
2 Beilschmiedia bancroftii 16-25 0 0 0
3 Beilschmiedia bancroftii 3 3 3
4 Beilschmiedia bancroftii 4 4 4
5 Brachychiton sp. 0-15 0 0 0
6 Brachychiton sp. 0 0 0
7 Brachychiton sp. 2 2 2
8 Cardwellia sublimis 0-15 0 0 0
9 Cardwellia sublimis (16-35)* 1 1 1
10 Cardwellia sublimis 1 1 1
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Note; (1) starch grades randomly independently chosen within species. Triplicate measurements made.
* other source material variable. Ray data after Swain (1927) - class index used in testing.
B.iii.iii.ii. Independent Calibration of Visual Grading systems, including the effects of
species, and operator, variables by an independent analytical procedure.
Further projects to test these postulates, involved the study and use of independent
reference methods, utilising starch analytical spectrophotometric methods based (Humphreys,
and Kelly, 1950) on iodiometric techniques.  Aims were;
a. To examine operator inter-calibration over a range of   species.
b. Using one operator as constant, to confirm variability did exist in visual starch
gradings between species.
c. To further examine reproducability of grade 1 rating in the 5 numeric scale
(Brimblecombe, 1940), to clarify if the preliminary indications could be confirmed.
For this, it was sub-divided (Table 1) into two grades, forming a six numeric scale.
However separate comparisons were made using Brimblecombe‘s standard scale (1940) for
the first section.
B.iii.iii.ii.i. Species.  Timber samples from the general study (Appendix 2) were used
to establish quantitative data in these investigations. They included the three species used
in extraction tests (Table 2) involving separate samples. Studies in this section on species
effects used additional samples for the three species included in Table 2. The total of seven
species chosen (Table 3) included open forest and rainforest species, and covered a wide
range of characteristics, in wood densities, of colouration and ray size. Measured densities
are shown.
Evidence, including  starch results relating to studies (Appendices 2 and 13), and also
illustrated in Table 10, Chapter 8, demonstrated that not all specimens included the full
ranges of starch listed in Table 1. Particularly for open forest species of higher densities,
normal maxima are of the order of grades 2—3. A maximum grade of 3 only was present
(six rating scale) in spotted gum, brown tulip oak, yellow carabeen and for white
cheesewood. Starch concentration grades vary within a board (along a length and with
depth). Sampling was over a wide range of boards to ensure data was representative.
Specimens were selected by independent referee sampling.
B.iii.iii.ii.ii. Experimental Procedure.
B.iii.iii.ii.ii.i Selection and Visual Assessment of test specimens for starch grades.
a. Due to incomplete ranges of all starch grades in all of the species chosen, to ensure
maximum variation in the wood characteristics, statistical design in this phase involved;
ai. For the effect of operator variation, starch grading was used as the variable.
Triplicate measurements were made for each grade present in each species by each operator.
Each of three trained operators independently assessed each specimen in random sequence.
aii. A separate comparison was made by the operators for all specimens, using the
standard 5 numeric scale.
aiii. For an evaluation of species effects, six replicates for each grade, per species, were
used. Kurrajong and yellow walnut material included all grades, but Northern Silky oak
specimens contained up to, and including grade 4. Operator 2 separately randomly assessed
each specimen.
B.iii.iii.ii.ii.ii. Specimen Thickness and Preparation for Analysis by an Independent
Procedure.
To minimise volume differences on reduction, each specimen was surface planed and
about 3mm in thickness. After visual assessments, specimens were reduced (Chapter 6) to
46
40-60 mesh for chemical analysis. Quantitative analytical results obtained by an iodiometric
procedure (Humphreys, and Kelly, 1950) were independent references.
B.iii.iii. ii.iii. Experimental Findings.  The data were statistically analysed with respect
to:- (i) Operator correlation over all species, i.e. inter-operator variation relative to chemical
analysis. (ii) Using operator 2 as constant, correlation between visual gradings for three of
the species and chemical analysis.
B.iii.iii.ii.iv.  Results of Study.
a. In all results, “y” is the dependent variable “estimate” and  “x” the analytical result.
Statistically, a general linear transformation was determined to apply. Values of constants
differed for each operator and species. They are summarised in Table 4. The general form
of the equation was;
y = +/- a + b ( 1 + log x)
Results, using the chemical analytical data, are depicted as linear transformations in
(Graph 1, 1a) lines 1, 2, 3 for individual operators, and line 4 for all operators. Statistically,
no line passes through the origin.
TABLE 3.
Species (a) Ray (m) Density (d)
Flame kurrajong (b) 0-15 472
Spotted gum   (c) 51-75 903
Yellow carabeen (c) 51-75(r) 624
Red tulip oak (c) 16-35(t) 615
White cheesewood (c) 16-35 357
Yellow walnut (b) 16-35 640
Northern silky oak (b) 0-15* 656
(1) Starch grades covered full range 0-5 in six numeric classification. see note (c). (a) Standard Trade
Names; As 2543—1983. (b) species in test of species effect with operator constant used 6 additional
replicates of specimens for all starch grades per species. (c) species did not exceed grade 3.
(d) measured a.d. density (kg/ m3). * variable, also 16-35 (r),(t) - variable counts.(m) Ray count / (5mm)2
(Swain, 1927), class  index used. Also Dadswell et al. (1934, 1935).
b. Graph 2 (results of all operators) shows the direct relation (linear transformation
form of equation cited for line 4a). It emphasises the non-linearity of visual estimates.  Line
4b, Graph 2, using the five numeric scale as comparison, shows clearly the effects of
different ratings. They are emphasised above critical values under evaluation. These
relationships are further discussed in Chapter 9, and will be cited later in this discussion.
c. Graph 3, with operator 2 as constant, also shows the direct relationships (linear
transformation equations shown) which exist between species. These are later examined.
The broad relationship (previously commented on in the preliminary tests) was noted
of differences found between species and the ray structure, in terms of the visible relative
area of surface examined by  a 10x lens.
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TABLE 4
Coefficients of equations in correlation of visual ratings by chemical analysis.
General equation y= +/- a + b (1 + log x) (see text)
equation values of constants/ coefficients
detail a b r(c) sig.
(a) (b) value (1)
operator 1 + 1.0677 1.2859 0.3113 N.S.
(note 2) 2 + 0.9620 1.7998 0.6495 ***
3 - 0.0813 2.2903 0.6290 ***
all operators + 0.6495 1.7920 0.4675 **
species (note 1)
(notes 3,4) a b r sig
kurrajong (472) + 1.968 1.1098 0.5281 N.S.
yellow Walnut(640) - 1.3027 3.5512 0.8195 **
northern silky
oak (656) - 0.0595 2.3740 0.8221 **
(1) Confidence Limit.
note 1.  Standard Trade names —AS 2543—1983.
note 2. Individual, and combined, operators for all species.
note 3. operator 2 constant for each species.
note 4. Measured density (kg./ m3) shown in brackets.
(a) Regression Constant. (b) Regression Coefficient.
(c) correlation coefficient.
B.iii.iii.ii.v. Discussion of Results.
1. Evaluation of Six Numeric Scale and Visual Ratings led to the following conclu-
sions relative to visual gradings;-
1a. Relationships between the visual grades of starch and the quantitative chemical
analysis confirm that variation in the former are dependent on operator as well as species.
1b. For the six numeric code, statistical differences between  visual grades 1, 2, occur
but, at the 95% confidence limit, they are not significant, due to inter-operator differences.
Thus there is no value in the sub-division of the original level of grade 1 in the five numeric
scale Table 1. However, based on overall relationships (all operators/all species) shown in
Graph 2, lines 4a, 4b, statistical differences become valid in comparison of different scales.
1c. At the 95% confidence level, significant differences exist between grades 2 and 3,
as well as between grades 3 and 4. As such, each of these classifications is meaningful.
1d. Consideration of grades 4 and 5 shows, for these, in the six grade scale (grade 5
extrapolated), the curve approaches typical logarithmic “parallelism” to the concentration
axis. The shallow slope show the curve is not fully parallel and statistically there are
differences occurring between the two grades, which are very species dependent.
Graph 3 emphasises this to a greater degree than does Graph 2, especially for grade 4.
In the former, differing values for grade 4 for two species, fall to almost half that given by
species 3, so representing the wide variations due to species, compared to the results for all
species/all operators shown by lines 4a, 4b in Graph 2. Thus, no justification exists for
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separation of visual grades 4-5. This non-correlation is due to the major influences of what
this writer defines as a “packing fraction” of starch grains, particularly in ray tissue. At the
high  starch levels, the grains “coalesce” and appear continuous to an observer.
1e. Grade 4 appears the maximum acceptable level of a visual assessment of starch in
timber species. This agreed with visual results in preliminary investigations.
1f. Results confirm that the five numeric rating scale, given  by Brimblecombe (1940),
is valid for the visual assessment of starch concentration in the significant regions.
1g. Species have significant influence (Graph 3) on a visual  estimate.
1h. The most important conclusion is a confirmation by these results of the writer‘s
perception that neither of the visual scales has a linear base of equal increments. Each is
related logarithmically to starch concentration. See also the earlier comments on legal
restraints on results (Section B.iii.i.viii.), and the restrictions examined later in Section D.
1i. Comparison of Scales (Table 1).  Though specific relationships between the visual
grades and starch concentration for both scales are later discussed in this Chapter, and in
Chapter 9, the lines 4a, 4b, in each of the grades, as combined relationships (for operators
and species) show that operators did;
a. equate grades 1 for each scale, and thus indicated some evidence justifying earlier
possible sub-division or, more aptly, a refinement in Brimblecombe‘s grade 1.
b. equate grade 2 (six numeric) to grade 2 of the five rating scale (refer Table 1). It is,
in fact, equivalent to grade 1 of that latter scale. Thus a transposition difference is shown
between the two scales in ratings.
c. Above that grade 2, the lines show increasing divergences but with the same general
“up-placement” of ratings relative to the standard scale. In terms of concentration,
compared to general results (line 4b, five rating scale), the “drift” between ratings for the
two scales is much less pronounced in the six numeric one.  This applies for species 1, 2,
Graph 3, both being light coloured timbers, where the preliminary research showed visual
gradings are emphasised. However, in species 3 (N. silky oak), differences are greater.
Comparison of ray structures by Swain‘s Index (Swain, 1927) shows both kurrajong
(species 1) and N. silky oak (species 3 [grade 5 extrapolated]) have equivalent (Table 3)
relative ray structure. Large changes in relationships of visual gradings to chemical
concentrations for the latter is attributed to the difference in colour, with a possible effect
of density. Yellow walnut, has a less prominent ray structure,  is intermediate in colour, and
in density, relative to species 1, 3. Its results are intermediate to the other two species.
Possible relation to density (Table 3), and correlation of the starch concentrations (and
fractions) in terms of nutrition of Lyctus spp. will be  discussed in Chapter 9.
1j. When quantitative comparisons are made, as in this study, the importance is that
above a certain rating level, the two visual scales are not mutually reconcilable to each other,
The divergences are accentuated (see below) by operators. For the latter, optical
sensitivity becomes a factor, as is expanded below, and hence, in turn, influencing
subjectivity present in assessments. Divergence is present in a number of other visual
techniques where an operator assesses non-linearly increasing population variables, or in
colour grades.
1k. The second most significant conclusion is a consequence of these divergences
above, principally, the rating grade 3. Results confirm the preliminary findings of subjec-
tivity in non-calibrated visual starch gradings, wherein all operators tended to show
agreement at “zero” or “heavy” concentrations only, with variations {Brimblecombe`s
scale (0-4)} of +/-1, for intermediate grades and where species variation occurs. The
author’s overall conclusion has been that use of neither a five nor a six numeric scale is
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appropriate for a wide range of species, especially if comparison may be required between,
and by, different workers.
Based on this research, he recommends using only a four scale assessment (see Section
C) as the more representative of operator results and species effects.
1l.It justifies the emphasis placed by the writer on the use of extraction techniques as
a support method for visual test.
B.iii.iii.ii.v.i. Operator Variation.
Results confirm that an operator variation exists for visual tests on wood surfaces,
when compared to independent checks by instrumental reference methods (see conclusions
1a, 1b above). That variation is not present on extraction of specimens.  They confirm need
for controlled inter-operator comparison to be a standard procedure in a laboratory. The
evidence (Graphs 1, 1a, 2) confirms that operator inter-calibration is valid. The author
suggests that operator differences are due to;
(i). wood characteristics as the dominant influence. Results on extracted specimens
show good agreement between operators (Table 2) over a differing range of species
properties.
(ii). differences between operator responses in the blue wavelengths, measured against
changes in wood background colour. Reflectance angles, due to wood texture or surface
roughness, would emphasise this effect.
(iii). As the relationships are logarithmic, actual values of concentration between each
of the lower grades are at least threefold to the previous grade, and (Chapter 6) have
measurably different colour depths which are functions of concentration. As such, when
optical sensitivity is a factor, the variations cited in 1k. are explicable.
(iv). problems of evaluating starch occurrence in part of the total surface and relating
that to the full section. Again it appears related to structure of the wood. As demonstrated
(Section B.iii.iii.i) by these studies, the operator related factors are eliminated, for other
than the colour sensitivity, which is significantly reduced, by using  extraction, which
excludes wood substrate effects.
That procedure achieves overall positive results in obtaining  operator uniformity.
This allows referee testing suitable for field conditions to be made for staff of variable
expertise.   As continuing research projects, the writer confirmed these results and
postulates over a wide range of species, grades, and of operators.
C. Recommendations on Starch Grades.
Note: These recommendations are based on the five numeric scale (Table 1), as
validated in this program.
Based on all evidence, the writer considers that grading be on a four level scale,
including zero. This is suitable for all purposes and is as below.
0— zero starch. No “blue colouration”, and starch grains absent.
1— Trace starch, corresponding to the original “1” as defined in Brimblecombe`s
(1940) five numeric rating scale. This is both operationally and legally important for a term
approved as “not detrimental” (Chapter 2) under legislation. An important implication of
Brimblecombe`s commercial usage (Section A.v.i.) of the rating of “1” for inclusion in
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“Immune” is the apparent acceptance by him that low values of starch concentration did
make a specimen equivalent to what this author had sought, and obtained, (Chapter 2), in
acceptance of the definition, which is, under T.U.P.A. (1949), termed  “not detrimental”.
2— Light starch, is equivalent to Brimblecombe‘s rating of “2”. This grade
(Brimblecombe, 1940) represents the starch value at which positive susceptibility to  Lyctus
spp. occurs.
3— Heavy starch, combining the grades “3” and “4” as defined by Brimblecombe
(1940).
However, this writer does not recommend general usage of the terms “Immune” or
“Rarely Susceptible” in any starch rating system.
Susceptibility to Lyctus
concentrations, but is related to taxonomy and vessel diameter. “Immunity” may be present
due to structure, even though high concentrations of starch are present. This relation to other
factors justifies exclusion of that term “Immune”. when used for starch assessment. A
number of workers in this field tended to disregard that relationship to structure. It is in that
distinction of starch concentration, where the TMA (Chapter 2) has an apparent advantage
over T.U.P.A.(1949).
The following stipulations are made;-
(a) For all low values, extraction referee tests should be  carried out as confirmation.
This practice was followed by the writer‘s laboratory, when, particularly, legal opinions
were needed. For tests involving legal actions, such as prosecution, a  quantitative analysis
should be made. The legislation did not allow this (see Chapter 2, administrative acceptance
of the rating of “not detrimental”). For further, see Section D.i. below.
D. Constitution of Wood Starches and Research Constraints.
Earlier in this chapter,  effects of legal constraints  (Section B.iii.i.viii.) and implica-
tions  on research and quantification in these areas were stressed.
Due to their importance they are re-stated as applicable to  the conclusions drawn, and
actions taken, by this writer.
D.i. Acceptance of this evidence  was indicated, for a rating of “Not Detrimental”
under the legislation. Relevance is discussed in Chapter 2.
D.ii. It is emphasised the studies are quantified using the iodiometric standards and do
not confirm starch fraction ratios of amylose to amylopectin are constant in wood.
The qualification is applicable within, or between, various species, stressing use of
potato starch as a reference.
The steep slope of the curves for the original grades 1-3, and  applicable for both scales,
confirms need for a  standardisation of methods of verification, including the reference
chemicals.  That applies particularly in quantitative studies on calibrations of an operator.
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D.iii. They do not independently confirm analytical techniques give complete starch
extraction. Measurements of repetitive extracts do confirm a constant quantity, or per cent,
of wood starch is extracted, which may reach equilibrium.  They imply no random change
does occur in extracted polymer length (D.P.), discussed in Chapter 5. Extract replications
did give constant iodiometric spectroscopy characteristics.  Studies, and evaluation of
spectrophotometric (Chapter 6) standards, show the colour measurement based on mass of
starch used as reference is a multiple of the mass of amylose producing an equivalent colour
density.
D.iv. Limitations on expanded research (cf. Chapter 6).
Limitations due to policies, and the reasons, set out by the  Department, and discussed
in Chapter 6, precluded the extension  of this research as separate projects into ratios in
timbers, totalling over 350 species, of the two fractions of starch, and the differences
i. The legal and industry applications and their relationship to the “blue starch
complex”, stated as “Legal Constraints “ in early  discussions, emphasise a need for a simple
test adaptable for field use. That need was met by this research, especially by the simple
extraction technique. Further direct research on starch component variations within, or
between, species would have resulted in extensive time delays in establishment of the
preservation industry. The primary policy of resource conservation would have been
excessively delayed.
ii. It would have meant loss of continuity with the earlier research on species and
susceptibility to Lyctus.
iii. Chemically, provided the analytical reference method is standardised, and starch
reference source defined, results could be correlated with other data.
Put alternatively, starch is a “storage carbohydrate” and other sugar compounds, such
as glucophosphates, occur in plant tissue during growth. If alternative evaluation is by non-
iodiometric methods, such as total sugars (Chapter 6, Appendix 9), some of which give
colorimetric tests, separation of these extraneous sugars would be necessary.
Special approval allowed the author to undertake research, examined in Chapters 5 to
9, on a number of analytical aspects, of applicable fundamental starch technology, which
included aspects of process influences. Potato amylose played a role.  Research into
alternative analytical methods was approved.
Investigation of fractionation techniques and the separation of amylose and amylopectin
(joint Lyctus nutrition study with CSIRO., Chapter 9) were two additional important results.
D.v. The writer stresses this anomaly is not unique to starch determinations as
discussed. There are similar assumptions in areas where an extractive, or degradation,
product is being quantified in terms of a reference and specific procedure.
D.vi. These, and similar research data collated in a number of studies lead the author
to postulate that a range in ratios of the amylose/ amylopectin fractions does occur in
timbers. He suggests they may be generally equated in this property to agricultural starches,
and differing with source. Sites of starch distribution in wood support these views.
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D.vii. Modification to Visual Test Procedures.
Starch reaction with (I/KI), and subsequent assessment,  are functions of time and
penetration of the wood tissue. Initial practices (Appendix 3) made no allowance for this.
Subsequent to these studies, and the results cited in Chapter 6, standard visual techniques
on wood were modified (Appendix 10) in terms of reagent contact time with wood.
D.viii. Are the Objectives of Visual Estimation achieved by this research ?
The original requirements which the author stated for starch testing may be summa-
rised as four purposes.
These are;-
1. A primary purpose of visual estimation is to establish whether a timber specimen
may contain starch. If it does not, subject to other criteria, the material is suitable for
utilisation.
2. When, or if, starch is found, is it at, or above, a level  where attack by starch-feeding
insects, such as Lyctus spp. may occur? Here, it is essentally a test for distinguishing a
negative from susceptible levels of starch occurrence in wood.   For both legislative and
utilisation applications, the starch level above those needs is not relevant to administrators,
to a legal prosecution (or defence), nor to industry.
3. There are differences in the starch test classifications for the purposes just stated and
a research application, as the latter needs statistically reliable grade classifications.  This is
exemplified by geoclimatic effects of growth on the starch level in trees, or timbers felled
for marketing. Plant physiology uses starch as a measure of growth. Effects of  processing
on starch degrade (Chapter  7) used such a scale. Studies of treatment results to starch
occurrence (Table 10, Chapter  8) also required a scale.
4. Most importantly, especially due to remoteness of many areas from laboratory
facilities, tests must be applicable and reproducible to a legal level under field conditions.
The test succeeds if it registers a repeatable result at those four levels. It must be
universal in application.
Results outlined, and procedures as modified by work described in this Chapter, meet
objective requirements outlined by the author earlier in this Chapter, within the limitations
imposed by definitions and legislation.
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Chapter 5
AGRICULTURAL STARCH TECHNOLOGY RELEVANT FOR RESEARCH
MODELS ON WOOD STARCHES.
The major roles played by wood starch in an effective understanding  of wood
utilisation have been indicated, but, with only few  exceptions, very little applicable
information was available.   Webb (1950) found a similar lack of fundamental data in his
extensive research on, and his correlation of, the phytochemical  constituents of Australian
plants.
For many situations in the parallel fields of Wood Chemistry  and Preservation,
primary research objectives are not aimed  at elucidating a definitive structural, chemical
formulation. A prime requirement is to enable a research worker to determine the
operational parameters  within which to work.
Thus, for starch, and its fractions, there was a main aim  of development of consistent,
scientifically based means of  evaluation and quantitative analysis. There was a need for
development of sound, logical premises on which they were  based, and concurrently for
adequate reasoning to explain,  and extend, the data obtained in current research studies.
Until legislation placed emphasis on detection and analysis  of starch, the then current
visual techniques could be said to  have been adequate. When this emphasis was given,
research  showed need for re-evaluation, and for the further development of programs for
that purpose. Similarly, classical analytical iodiometric methods  showed variability in
results which appeared to be possible  functions of  methods of extraction from the substrate,
and of purification, as well as stability of the “starch-iodine” complex with time.  Concur-
rently, this writer established processing conditions  affect starch, with evidence indicating
influences of both  temperature and humidity when each related to wood moisture  contents.
Information was required by the author on which to develop models, whereby programs
could be initiated to evaluate these  problems, so deriving adequate explanations and
solutions.
That was potentially available by study of  agricultural starches. Their relevance was
examined, and, as found necessary, tests made to clarify  applicability of their use. As a
consequence, the sources, references, and applications, of that data covered more than one
phase of the subjects of this thesis.
It is desirable to assemble in one Chapter, only those  references which are most
relevant, and classify them in terms of topic. Hence some  may appear more than once. Also,
note,  or comment, is made on aspects which were of major assistance, or if  tests were
carried out. There are two exclusions,  as next below.
1. Enzymolysis was used in the research but, for other than  in relation to other
references, that procedure is not specifically discussed.
2. As alternative analytical procedures are referred to in  Appendix 9, it would be
superfluous for them to be named here.
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A reader will note that this research covers almost three decades, showing not only the
on-going nature of the research, but the time span had been related to a number of
developments. They are discussed as two topics;-
i. Over that period, the research program was effective in clarifying causes of initial
problems in detection and estimation of wood starch.
ia. It succeeded in making visual estimation of starch   both legally and scientifically
valid. It quantified the relation  of results from that test to the independent analytical
techniques. This is described in Chapter 4.
ib. It enabled clarification of variables in the current methods  which had affected
reproducability of results, and development of  a reliable analytical method based on
iodiometry. This then  enabled continued inter-relation to the visual test. Results  on
applications in this area are set out in Chapter 6.
ic. Confirmation was obtained of the influences of humidity  and temperature (Chapter
7, Appendix 11), both separately and conjointly, on the reactions of, and on detection, and
measurement, of the wood starch.  There was, and is, continuing need for those tests and
data, to ensure  that timber is effectively utilised, a need which is increased  with high
production techniques, and more rapid throughput in processing of that material.
ii. There was a general change of laboratory techniques and methods to instrumental,
or hydrolysis based on enzymolysis  or acids, and estimation as simple sugars.  Those
procedural changes explain the concluding part of Chapter 6, and the format of Appendices
9 and 10.
Principal Topics of Application of Source Information.
These are;-
A. Structure of Starch and Fractions.
B. Purification and Separation of Starch Fractions.
C. The Significance of the “Blue Value” postulate.
D. Degradation and Dehydration in Starches.
E. Reactions of Starch, its fractions and Iodine.
F. Boron Spiranes.
A. Structure of Starch and Fractions.
In discussing assumptions  on visual starch testing, emphasis has been placed (Chapter
4),  on the importance of there being  two fractions in typical starch. The author stressed the
use of agricultural starches, and a lack of available data  on presence, or distribution, of
wood starch fractions.
No definitive structural data has yet been developed for  starch nor its fractions. In
introducing this Chapter,  the author pointed out this was not unique in these fields. For
extractives,  one cause is the method of extraction  will frequently fragment the “in situ”
structure. Applicable  evidence is cited as next below.
The general equation for Starch is cited as (C6H10O5)n.
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Structurally both starch fractions are polymers of glucose.  However most reactions
of glucose, including any polymerisations,   are due to its cyclic structure. Two steric ring
structures  are important. They are the pyranose, or six membered, ring  and the furanose,
It has been generally accepted
that amylose is a straight  chain of 1—>4 glucose linkages. Amylopectin is regarded  as a
branched structure of 1—>4 and 1—>6 linkages. They can form a steric helix configura-
tion.
The fractions are variable in proportions, typically occurring  in an approximate ratio
of one amylose to three amylopectins  but this may vary over a range dependent on source.
Certain cereals, such as waxy maize starch (Bourne et al., 1949), have very small amounts
of amylose.
The amylose fraction gives a typical “blue” iodine-complex and the amylopectin gives
a colour variously described as “pink” to  “purple”.
The peak absorbance of the”amylose blue” complex is at 625nm.  At this frequency,
absorbance of the amylopectin complex is  very small and, after careful purification, the
latter gives   absorbance values significantly less than that by the amylose.   The importance
of these is described in topics C, D and E. Campbell (1935) referred to a residual extract
giving a “royal purple” with iodine.
B. Purification and Separation of Starch Fractions.
Many workers have detailed procedures for fractionation of  the two natural polymers,
amylose and amylopectin. These  references may be summarised as showing the necessity
to  specify fractionation procedures used, as they significantly affect the  fractions. A
number of authors show that the “Degree of Polymerisation (D.P.)”  is influenced by
extraction and fractionation techniques.  Bourne et al.(1948,1949) carried out research on
some aspects, examined  in other sections.
Schoch (1945) stated no satifactory method has been found  to remove the residual 3-
4% of amylose in the amylopectin. His work was a part cause for this writer’s  adoption of
pre-extraction  methods, as stated in Chapter  6. That was emphasised when  the need arose
to remove oil borne preservatives, and solvents, for these studies.  In work discussed (Topic
C), this author found the statement  was valid, only being able to reduce the figure to  lower
values by multiple repurification, with loss in recovery.
Muetgeert (1961) reviewed techniques and problems in starch  fractionation. He
showed that sub-fractionation of amylose,  into different molecular weight products,
occurred readily in  some salt solutions (refer “hydrolysis”, Section D) and suggested use
of magnesium sulphate. He discussed the length of the amylose chain (see Section E), and
its affinity for iodine.
Greenwood (1956) defined three main forms of amylose which are dependent on
preparation:
(a) When starch is “retrograded”, that is  aggregated and
precipitated, then:-
(i) above 50o C. it forms an “A” type.
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(ii) below 50o C. it forms a “B” type.
(b) In complexes with iodine, alcohols or fatty acids, he  postulated a “V” type is
necessary.
Sullivan (1935) examined extraction of starch, inclusive of from woody tissue. Caesar
(1932) reported on both concentration and  temperature effects on consistency changes in
starch pastes.  He reported positive effects, which were influenced by starch  source, and
suggested starch is a mixture of “Alpha and Beta amyloses”.
C. The Significance of the “Blue Value” postulate.
As part of studies into developing fractionation methods, as  discussed in a later
paragraph below, Bourne and co-workers  (1948, 1949) quantified a scale termed the “Blue
Value”  (B.V.), based on the “Absorbance Value” (A.V.) of the starch  complex with iodine,
measured at 625nm. This accepted that the blue colour measures purity of the  amylose, and
It should be noted those authors did not use this to test   completeness of starch
extraction and stressed that its application was measurement of efficacy of fractionation. It
was applied (Chapter  9) by the writer in testing the purity of amylopectin fractions. On this
scale, the corresponding “B.V.” of amylopectin (Bourne  et al., 1949,1949) is very low
compared to the amylose. If complete fractionation occurred, amylopectin readings  should
not significantly exceed a control “blank”. Those workers  reported that some residual
“Absorbance Value” occurred for that  fraction. This was in agreement with findings by
Schoch (1945), and by this writer.
In this writer's own work, he subsequently found it was more  suitable for direct use
of instrument scale readings as being  equivalent to the “Blue Value”, (B.V.) described by
those workers.  By using this, the maximum value of 1.0 applied. As, locally,  this scale did
become an important quantitative method in the  assessment of purity of the amylopectin
fraction, explanation  is given of iodiometric determination by then used procedures.
Absorbance of a coloured liquid is measured against a control  by variation of the incident
(filtered) light using an absorptiometer. Based on a popular instrument (Perkin Elmer), this
was  by adjustment of an aperture by a drum (logarithmic drive),  such that a “null” reading
is given on a galvanometer. The  drum scale is converted to linear. Reading times are short.
When the “Blue Value” was used as the criterion, conventional  thymol/cyclo-hexanol
(Bourne et al., 1948) technique, use of  aluminium hydroxide (Bourne and co-workers,
1949), did not  reduce the “Blue Value” of the amylopectin to zero. Column  separation
(Lederer and Lederer, 1957) or leaching by 30%  ethanol gave no additional purity of
amylopectin. Their findings agreed with residual amylose impurities as reported  by Schoch
(1945).
In fractionating these carbohydrates for studies on  Lyctus spp., the writer, as stated
above, using “B.V.” as criterion, did confirm that residual amylose was present. Presence
of small concentrations of amylose in the purified amylopectin had resulted in difficulties
for the writer in his assessment of relative  extractabilities of amylose and amylopectin from
wood.
Though (Chapter 4), policy restrictions precluded long term  research over multiple
species, approval was given for expanded research in connection with basic studies
(Chapter 6) on the analytical methods, and on (Chapter 7) possible effects of processing  on
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starch.
Further approval was given for the author to undertake research on fractionation of
starch and to be involved in joint (CSIRO)  nutrient studies (Chapter  9) with Lyctus spp.,
and use of the starch fractions for that purpose.
D. “Degradation” and “Dehydration” in Starches.
Relationships between “Degradation” and “Dehydration” of starch are considered by
the writer to be some of the most significant in timber use.  For this research, starch from
agricultural  sources provided valuable models on which  to proceed. Results of the use of
those models are described in Chapter 7, Appendix 12.
Before proceeding to examination of such sources, the writer  considers specific
definitions, as below, are advisable to clarify their relationhips to, but not exclusively,
timber conditions. Additional extensions of those have been made, and are included in
discussions.
D.1. Definitions of “Degradation” and “Dehydration”.
These two phenomena (author‘s emphasis) are defined as:-
“DEGRADATION” is a reduction in the molecular chain length,  termed the “Degree
of Polymerisation (D.P.)”, by thermal, or by  other causes, such by enzymes, of the starch
fractions in  solution, or at high humidities. Further discussion by the  writer introduces a
sub-division (see below), and which he  defines, for effects in solution, as “Hydrolysis”.
“DEHYDRATION” is  defined as the irreversible removal of one, or more,  water
molecule(s) from the polymer. It is accompanied by  physical and chemical changes.
Significant aspects of “Degradation”.
Greenwood (1967) emphasised different degradation and dehydration effects.  The
former can be achieved by enzymolysis, by solubilising  treatments (Hanes, 1936), or acid
hydrolysis. Myrback (1948) discussed end products of enzymolysis.   When multiple chains
of shorter length are produced, which are longer than the A.G.U.(see topic E) of 6-8 glucose
units, or small  multiples of it, the end product dextrins continue to react with  iodine.
When these “limit dextrins” have been reached, the type of alpha amylase attack
changes.
“Hydrolysis”.
In view of the importance in differentiation  between degrade effects in solution and
in high humidities, if “Degradation” takes place in solution, the writer suggests it be defined
as “Hydrolysis”.  That term, hydrolysis, includes when degradation proceeds  to the point
where the mono- or di-saccharides are formed  as end products of the reaction. The author
considers this extension as important, not only in a  context of timber.
“Degradation” emphasises roles of high moisture contents,  or of the reactions being
in solution, in the process of dextrinisation.
“Dehydration”.
“Dehydration” differs from the former condition, in that it is  critically dependent on
a reduction of humidity and increase  of temperature. It can vary in degree.  A final stage
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of “Dehydration” occurs when the remaining available  water molecules are completely
removed from a carbohydrate molecule or fraction. In timber, the loss  corresponds to the
moisture content condition (Chapter 7) termed “oven dry” or “anhydrous”. Before this
stage, the writer suggests, the term “Partial Dehydration” applies.
Solubility, sensitivity to enzymes, reactivity with iodine  reagents, are all influenced
by the degree of dehydration. Willits (1951), in discussing moisture content determination
and  effects of temperature / humidity, referred to sharp increases  in weight loss in oven
dry determination of starch. This  change occurred at just below 150o C.
When the carbohydrate  molecule is severely dehydrated, the writer prefers the
conditions  should be described as “Charring”,  and finally as “Carbonisation”.
D.2. Effects of Drying Temperatures on Amylose and Starch.
Increased temperatures have effects on starch, but they are more significant when low
humidities are present.
Greenwood (1967) discussed thermal degradation of starch.  Bramhall, cited by
Greenwood (1967) showed degradation  effects by an increase in reducing power, a
decrease in  Beta-amylolysis limit, a sharp increase in solubility, but  a marked decrease in
linear material. Treatment for 1 hour  at 75oC. was significant. Thermal stability for
amylose,  and amylopectin, decreased by 46% over the range of 219-251oC. Starch
decreased by only 37.6%. The effect was  influenced by inorganic salts.  Sodium borate, a
preservative  chemical, was significant and this was irrespective of temperature.   This
evidence is supported by the data cited in Chapter 7. Kiln drying  (Appendix  11), techniques
of “reconditioning”, which use “wet  steam”, satisfy those conditions.
Holdaway (1964) examined electronic methods to evaluate heat  damage in artificially
dried corn. Farrand (1964)  reported damage to alpha amylose and starch in flour.
D.3.  Starch “Resorption” in Timber.
This is a special case of “degradation”, having a very real effect on timber utilisation.
In this context, it may be  defined (for further, see Chapter 7) as a change in wood starch
to below the “limit dextrins” or to the sugars. It may be caused by continued respiration in
freshly fallen  logs, or freshly sawn product stored under warm temperatures, with generally
high humidities, so that significant drying does not occur.  Other causes are continued
enzymic activity, or invasion by  bacteria or other microorganisms.
A. peralatum, when
transported to Melbourne from North Queensland, with the starch loss up to 25 mm from
the outer zones.
Early work by Henderson (1943) examined starch depletion as a function of tempera-
ture in low temperature kiln drying.  He concluded there was maximum resorption over a
range of 31-36oC., and correlated this with continued cell viability  and oxygen demand. It
is of interest that he considered the  possible roles of enzymes. Higher temperature (52oC)
had  resulted in a decrease.
A major study (Appendix  2), showed this phenomenon to be very significant.  Starch
resorption (negative reactions to [I/KI] reagent), to depths of 2-3 mm, prevented attack by
Lyctus brunneus Steph., but removal of that depth, and later exposure, resulted in attack by
that insect.
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E. Reactions of Starch, and it‘s Fractions, with Iodine (I/KI, or similar iodine reagents).
Many investigators studied the classical methods of measurement  of starch based on
formation of a blue complex with iodine /  potassium iodide. Their findings may be
summarised as:—
1. The reaction forming the blue complex was considered to be  specific for the
amylose fraction (Bourne et al., 1948, 1949,  1949) with a peak absorbance at 625nm.  The
complex is given by degradation dextrins (Section E.1) until  a point of hydrolysis termed
the “Achroic Point” (Greenwood et al., 1968) is reached. Below this point, the reaction with
iodine does  not occur, and there are  changes in the method of enzyme attack.
Cramer (1955) classified the starch /iodine complex as being  representative of a large
group which he termed “Inclusion  Compounds”. In a private communication (1956) to this
author  he considered the reaction to be adequately specific for wood  starch provided certain
precautions were taken.  It appears confirmed the complex is formed by absorption of  the
iodine in a helical starch formation. One sub-unit, or  fragment, of this helix (see below) may
be of the order of  6 - 8 glucose units, or a small multiple of that.
A number of workers examined quantified relationships of the  “bound” iodine. Larsen
and co-workers (1953) cited a figure of  18 gms of “bound” iodine for each 100 gms of
amylose, but this  writer found that consumption of iodine (Chapter  6) was a function  of
the degree of “hydrolysis” of the amylose.
On theoretical grounds, Eliassef and Lewin (1964) challenged Larsen‘s data, and,
postulating one “Aldo-Glucose Unit” or “A.G.U.” reacts with one molecule of the iodine,
derive  a glucose value for one “A.G.U.” is 6.8 (+/- tolerances [different]) for amylose and
amylopectin.  This relation to a “unit” agrees with the author’s experience (cf. Section E.1)
on variable usage, but, in such work, this writer was unable  to confirm the iodine usage
figures quoted by them. To have done so, would exceed research policy constraints cited
in Chapter 6.
Greenwood (1956, 1967) and jointly with Milne (1968), dealt  with the physical
chemistry and degradation of starch and its  components. He also defined the equivalent of
the “A.G.U”. with  similar values to those of Eliassef and Lewin (1964). Lambert (1951)
criticised some aspects in use of classical  starch-iodine complexes and studied interfer-
ences.   Schoch (1945) stressed a need to “defat” the starch before  fundamental studies,
postulated instability of starch sols  is due to a linear “A” fraction, and favoured use of
alcoholic systems for fractionation. This author found starch sols influenced  (Chapter 6)
the quantitative analysis.  Nussenbaum (1951) proposed chromatographic techniques in
differentiation of amylopectins, of amylodextrins, and of amlyose-fatty acid complexes,
where he used iodine reagents.  Dependent on source, he defined colour reactions over a
range  of 8 amylopectins. Babbitt (1956) used periodate oxidation as a method of structural
elucidation. Karlson (1965) discussed the effects of the 1—> 4, and 1—> 6  linkages on
dextrinisation; there is an implication from his  work the iodine complex may be associated
with 1—> 4 linkages  only. It is suggested this could be due to the fact that the  1—> 6 cross-
linkage may not permit a stable helix, and thus  prevents the inclusion of the iodine.
E.1. The hypothesised  usage of Iodine as a Function of “Degradation” of Starch.
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As referred to above, in work  by the writer, usage of iodine was found to increase with
degree of carbohydrate “Degradation”  (Topic D), and a term “Hydrolysis” has been
suggested by him to  differentiate such effects in solution. This increase in iodine usage with
rate of hydrolysis can  be explained in terms of dextrinisation. If, originally, amylose is in
heliical form of “n” turns, then, for  hydrolysis to be within limit dextrin conditions, that is,
for reaction above the “Achroic Point”, each degradation  product must retain the helical
structure for formation (Cramer, 1955) of the blue “Inclusion Compound”. For example  in
a helical form of (n-y) turns, where the value of (n-y)  decreases with each stage of
degradation, then the final value  of (n-y) turns must be equal to, or exceed, an “A.G.U.”
unit value.
Accepting data of Greenwood, and of Eliassef and Lewin, as  described above, of the
minimum “A.G.U.” consisting of  6-8 glucose units, a minimum limit dextrin must consist
of  a helix of one, or a small multiple of this number, of the  “A.G.U.s”, with corresponding
glucose fragments. If individual  helices absorb iodine dependent on the number of
“A.G.U.s” present,   and as the writer found that iodine consumption changes with the time
of degradation of  amylose at temperature, conclusions drawn by this writer are  that either;
(i) in the original amylose helix, the “packing-fraction” of the  bound iodine is less than
1.0, that is the helix is unsaturated.  For each dextrin formed, increased site  accessibility
for iodine reaction becomes available. The equivalent “packing fraction” in  each is
increased.
or;-
(ii) the rate of iodine penetration into the helix is a  time dependent function. This
second alternative is not  considered probable in that, if it were so, the rate of complex
formation is inadequate to explain data reported (Tables 6, 7, Chapter 6), where precipita-
tion rate of the “starch-iodine” complex  is rapid, and is complete in just in excess of 1
minute.   For visual tests on timber, time prior to assessment was  increased to two minutes.
This period was related to time necessary  for  reagent to penetrate the wood tissue, and to
react  with the starch grains. Final time of reaction under those  conditions, nor assessment,
are not affected by the above  precipitation time.
If these postulates are valid, then, for hydrolysis below  the “Achroic Point”, fragments
formed are insufficient to  form a helix, resulting in a  straight chain of which the    maximum
length would be less than one “A.G.U.” of 6-8 glucose units. This explains relationship of
the “Achroic Point” and the importance of type  of change in methods of enzymolysis below
it. This does not disagree with findings by Meutgeert (1961),   who discussed amylose length
and its reaction with iodine.  Bemeller (1967) examined hydrolysis of starches by such  as
the mineral acids, with production of hydrolysates. These  interpretations agreed with data
(Greenwood, 1968) on both  significance of enzymolysis and the products formed.
E.2. “Inversion”.
Bourne and Peat (1949) discounted any possible inversion, but Myrback (1948)
supported enzymic change and also developed the equation:-
km  = 1 ln 1 - a1
——— ———
t2 - t1 1-a 2
where a (alpha in original reference text) is the degree of hydrolysis  based on the
number of reducing groups set free.
He cited an alpha maximum of 0.8, and relates “km” to the  Fruedenberg hypothesis
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which postulates a reaction velocity  (hydrolysis) depends, not only on the nature of the
linkage,  but also on its position in the chain. He related the occurrence  of 1—>6 glucosidic
linkages to the hydrolysis.
F. Boron Spiranes.
The non-interference of boron salts in the formation of the  “starch-iodine” complex
is considered important. Interaction  of boric acid and carbohydrates, which have suitable
adjacent  hydroxyl groups, is well known and is a basis for analysis of boron compounds
(Cokley 1949a,b).
Deuel et al.(1948) studied formation of “boron spiranes”  with polysaccharides.
Boeseken (1949) discussed possible  mechanisms of their formation. He pointed out
hydrogen ion  concentration may be a criterion for favourable positions  of the hydroxyl
groups to form the “spirane”.  When these aspects are considered in relationship to the  non-
interference of boron salts on the formation of the  starch-iodine complex, they lead to
conclusions which are  as follows:-
(i) If, as hypothesised earlier, the “starch-iodine” complex  formation is related to the
helical structure of, in particular, the amylose, or of amylo-dextrins, a rigid structure of the
“boron-spirane” would prevent formation of iodine “Inclusion  Compounds”. As the latter
are formed, “boron spiranes” must  either not be present, or, if present, must be of
insufficient  frequency as not to be a significant steric hinderance.
(ii) Studies of the penetration by preservatives in angiosperms  show it is by radial and
vascular pathways, and preferentially   through vessel lumen. Penetration, including mobile
salts,  especially boron, occurs in wood ray tissues. However, where the  rays are filled with
extractives, and where  the “intra-radial cell access” is impeded, or where the ray contents
are  reactive in terms of the penetrant, illustrated by multisalts,  there is a low concentration
of preservative, including boron.
Insitu sensitive “spot test” techniques confirm that the preservative concentration
varies in the rays, and with similar variations occurring (Chapters 8, 12) in vessels. Tyloses,
and extractives, may occur also in  vessels, and could cause an obstruction.  Water
penetrates all tissues, including fibres. Access of  water and boron salts, especially in hot
and cold processes,  is shown by starch “extracted” during a treatment schedule,  or a “pre-
peeling” treatment by boiling (Appendix  3), prior to veneer manufacture.
(iii) Under conditions where penetration of boron occurs,  as the “blue-iodine”
complex is formed, degradation of the amylose fraction of wood starch generally does not
exceed the limit dextrins.
The available evidence suggests that “boron spiranes” are not formed to  a degree
which is suffic ent to i hibit formation of an “iodine  complex”. Some “spiranes” may be
present in small, but, in this context, non-significant quantities, a view held by the writer.
If this theory is correct, a helical structure of amylose and the amylodextrins  may be
such that the frequency of occurrence of any structure in  the polymer with suitably oriented
If so, this may be associated  with the (Boesekin, 1949) theory that mutually repulsive
forces exist between hydroxyl groups. Amylose might thus be in a state of strain. This would
partially explain the tendency  for it to form a helix.
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Due to the aspects of boron toxicity against Lyctus spp., the  possible relation of
“borane spiranes” relative to enzyme  activity was studied. However, to isolate interactions
(next  paragraph) re enzyme inhibition by other “boron complexes”, the   iodine reaction
was used for this specific research. Similar to the earlier  data (Brimhall) cited for amylose,
some boron may be reacting (hydrolysing),  with both amylose and amylopectin, or may  be
complexing with lower dextrins, or glucose. and in later discussions (Chapter  9) on
nutrition of Lyctus spp. reference is made in terms of interference from these on possible
enzyme activity.
F.1.Tests of “Boron Spirane” Interference in Enzymolysis.
Knowledge of the spirane interference is important, not only in terms of basic reactions
of “starch-iodine” complex formation,  but with possible effects upon enzymic breakdown
to the limit  dextrins, and/or simple sugars, relative to mechanisms by which   boron
compounds are effective as a Lyctuscide.
A sensitive  test of significance in terms of possible boron interference is enzymolysis
of potato amylose using alpha amylase, where the rate of  enzymolysis is measured in time
to give a negative iodine  reaction. Results showed samples, which contained boric acid, did
not differ significantly from controls.
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Chapter 6
QUANTITATIVE DETERMINATION OF STARCH IN WOOD. INFLUENCE
OF POLICIES ON SCOPE OF RESEARCH.
Studies on visual estimation of starch, described in Chapter 4, emphasised need for an
accurate, reproducible, method for quantitative, analytical determination of wood starch.
6.i. Prelude to Analytical Research on Wood Starch.
Several important topics in this thesis were influenced not only by their own intrinsic
roles in the primary charter of the Branch in terms of utilisation and consequently in
Departmental policies aimed at resource conservation. There were other influences which
played a part in orienting directions of research investigations and limitations. They are
stated to enable a reader to put these aspects into correct perspectives. Starch, with its wider
involvement as described in other chapters,  was a topic which was an enduring one of major
interest, and importance, to both the author, and to the Department. In terms of projects
relating to starch and its uses, its detection, estimation and analysis, perusal of references
and discussions in Chapters 4 to 9,  shows the writer’s research spanned about three decades.
It is appropriate to indicate relevant influences on direction of the study of, and constraints
on, analytical starch research. These influences involve related aspects of the writer’s roles
in both Wood Chemistry and Preservation, and also include certain justified policy tenets.
These are classified under two headings and are;
6.i.(a). Associated investigations.
6.i.(b). Policy Limitations.
6.i.(a). Investigations associated with the Analytical Research on Starch.
6.i.(a).i. In the field of wood chemistry, the writer’s first special areas of interest had
been centred on wood, bark and foliage, extractives, with emphasis (Cokley, 1946a,b,c,d)
on tannins and essential oils.
That extended to the wood constituents, as well as to extractives influencing the
corrosion and wettability of wood by liquids, such as adhesives, paints and finishes. It
included their role in fire susceptibility of species.  A sequential progression on extractives
was to the enigma of starch extraction and analysis, particularly in the reproducibility of its
estimation. There is a striking analogy between tannins and starch. Both are of similar
sensitivity to extractant, pH and temperature.
6.i.(a).ii. A joint successful study (Chapter 9) with a researcher from the Division of
Entomology, CSIRO, involved separation of the two starch fractions, amylose and
amylopectin, for study as to  which, or both, or simple sugars, was the significant nutrient
for Lyctus. That need, required quantitative verification of separation efficacy and level of
purity of each fraction.
6.i.(b). Policy Restrictions on  the Scope of Research on Starch.
It became apparent that an extensive research study into starch would need major staff
resources, and necessarily extend to fields outside the charters of the Branch set out in
Chapter 1.  Reference is also made (Chapter 1) to the Research Philosophy and prioritisation
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of objectives and scope in aspects of proposed programs. Application of this was stated in
Chapter 4, and is discussed in this phase.
The policy logically considered fundamental extensions beyond starch detection, or
analytical aspects, should, with certain exceptions such as research into alternative
methods, or the joint study with CSIRO, be by a laboratory group with less direct
involvement in timber utilisation, and with a much greater range of facilities and staff. This
resulted in an apparent restriction of the scope of investigation of starch analysis. However
the policy, as enunciated above, did fit in with the Research Philosophy for which the author
sought, and had obtained, approval (Chapter 1), and did not restrict flexibility in research
objectives, as stated below. It is appropriate to indicate that policy was influenced by
conditions of the immediate postwar two decades, when the Government priorities were for
Forestry, with Main Road and Railway Departments, was one of the three major
employers of a general labour force. Reasons, as above, required the writer to submit data
for Branch estimates and, thus, for approval of expenditure as part of allocation for total
departmental funds by the Parliament. The writer had, as part of this approval (Chapter 1)
of a Research Policy, re-activated a Forestry laboratory. He had continued access to the
Government Chemical Laboratory (where he had been previously seconded for this work)
and liason with the Agricultural Chemical Laboratory, as Forestry laboratory facilities and
availability of specialised equipment were restricted in that era by fundings, but this later
improved.
6.ii. Objectives of this aspect of Starch Research.
They were to clarify, to evaluate, and to quantify,   suitable extraction and estimation
techniques for starch. The primary purposes were identification of specific conditions
which may affect either  extraction of wood starch or stability of measurement by
iodiometry and to define parameters enabling that stability to be achieved. This led to
research on, and development of, methods in extraction techniques which were adequately
consistent for analytical evaluation. It will be indicated that the early methods of extraction
gave variable results in iodiometry, suggesting (Chapter 5) possible degradation (termed
“hydrolysis”, by the writer) was occurring. That, then, required further techniques  to
quantify if changes did occur in such extraction, or subsequent measurement.
Particular stress is placed on measurement of starch by iodiometry, but use of
alternative procedures (Appendix 9) is introduced.
However, as the writer’s studies had progressed over some  decades, discussion  is
limited to highlighting important results and conclusions.
6.iii. Significant Aspects of the Chemistry of Starch, and its Fractions, influencing
Analysis.
The chemistry, postulated structures of the starch fractions, the significant literature
studies found important, and which led to many conclusions in this, and other related
chapters, have been discussed in Chapter 5. Hence, only minimal, necessary, references to
specific aspects of literature then examined, and correlated, are restated so as to elaborate
on reasons for the author’s investigational procedures, and his conclusions.
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6.iii.i. Problems of Starch Estimation.
As occur in many natural products, there were a number of problems,  most of which
centred on  suitable techniques of preliminary extraction of the wood starch, or its
subsequent stability.  For many local timber species, “wettability”  (Appendix 15) was a
problem and this explains this writer’s advocacy of addition of non-ionic (non-foaming)
wetting agents for use in routine starch extraction. The principal problem was one of
extraction in a consistent and reproducible chemical (Chapter 5) form. Typically extraction
does not yield total recovery, except in special conditions, but results only in an equilibrium,
but necessarily reproducible, condition.
Starch is not (cf. discussion, Section 6.ix.i) soluble in cold water, but forms a “sol”, and
this is unstable in aqueous dispersion under a number of conditions.
6.iii.ii. Principles of Iodiometric Estimation of Starch Fractions.
Many hypotheses have been put forward on the formation of a “blue iodine complex”
(Chapter 5). It is desirable to summarise only those which provided the most valid, logical
answers to explain the experimental results. The hypotheses suggest relationships of starch
fractions  as due to being helical in structure, discuss the “Degree of Polymerisation”, or
“D.P.”, and the “Achroic Point”, nominate aldo-glucose units, (or A.G.U.s), in the
formation of the iodine “Blue Complex”.  They define a “Blue Value”, and illustrate its
application to the two fractions of starch.  Beyond a certain reduction in length of the
structural chain, defined as the “Limit Dextrin”, the complex is not formed, and subsequent
enzymolysis is random. Other principal items interrelate to structure, with degradation of
the helical status, and use of iodine. Those references did enable the author to predict, and
to test, some concepts based on theoretical (or derived experimental) models based on data
in Chapter 5 and which could explain anomalies which then existed.
These concepts, and models, did assist the author in production of consistent and
logical results in his research. Those results enabled development by the writer of suitable
procedures, which, in turn (cf. Appendix 7) enabled any extraction conditions to be
monitored for degradation of the starch fractions, especially amylose.  If iodimetry, based
on the “Blue Colour” is used for quantitative starch estimation, the significance of evidence
(Chapter 5) rests in the need that extraction methods must not cause degradation beyond the
critical limits.
6.iii.iii. Use of Agricultural Starches as Models to test Analytical Conditions.
The chemistry and technology of agricultural starches and data on their extraction
showed that those starches were sensitive to procedures (Chapter 5) used for extraction.
This study examined, classified, variables by the use of agricultural starches, so enabling
the writer to develop meanngful, reproducible, extraction and final analytical procedures
to be used in examining wood starches.  For example, when extraction technique criteria
of time and temperature were being developed, the agricultural starches were tested for
degrade, with the type and level of degrade measured. Extracts of wood starches were then
similarly tested to correlate if their reactions were equivalent. That was confirmed over a
range of timber species.
6.iv. Choice of Reference Analytical Method for Starch.
Subsequent to preliminary trials of iodiometric methods, the procedure described by
66
Humphreys and Kelly (1950) was selected as the reference method. In  that method, a fine
wood “flour” (of less than 200 mesh, prepared by a power sander) was extracted by
perchloric acid. Subsequently the extracted starch was determined using a mixed reagent
of potassium iodide and potassium iodate. Studies by those authors into effects of variations
of concentration of perchloric acid, and reaction  time, found these factors significant.
Graphs 4 and 5, based on that reference,  show these effects. A final concentration of 7.2%
of perchloric acid, a dispersion time of 10 minutes, and a sample mass of 0.4 grams, were
chosen as optimum by those workers.
6.v. Development of a Modified Analytical Procedure for Starch Estimation.
For operational purposes, the writer found it desirable to amend  several parts of the
selected reference method. Research, to modify these, led to amendments in three areas,
which were;
6.v.a. the dispersing agent.
6.v b. the reagent for the iodiometry.
6.v.c. a readily obtained, representative, mesh size of the material for extraction was
of importance. A unit sample mass was also chosen to meet requirements  of the local
laboratory production systems.
6.v.a. Choice of Dispersing Agent.
Use of perchloric acid, particularly in its sensitivity to concentration and reaction time,
presented a problem. Hence research was begun into use of water, or of salt solutions, as
the extractant. Based on that work, calcium chloride solution was the optimum choice. This
included development of techniques to determine the degree of hydrolysis (Chapter 5) of
the starch fractions. Results are outlined in sections 6.vi., 6.vii., 6.vii.i., and in 6.vii.ii.
6.v. b. Iodiometric Reagent.
For similar reasons, a standard N/20 iodine/potassium iodide (I/KI) reagent (used in
many techniques [cf. Chapters 4 and 5]) was adopted. That led to further investigation on
stability of the starch “complex” for   quantitative iodiometric methods. Lambert (1951)
examined (cf. Chapter 5) a number of starch-iodine reagents and discussed some interfer-
ences. Differences were examined in optical characteristics between (I/KI), and iodate
reagents, using spectrography, including fluorescence, but the differences present were not
significant over the wavelengths used during analysis. An  additional reason rested in the
use of the first reagent in normal legal tests. It enabled correlation with visual (Chapter 4)
methods and factors (Chapters 7, 8) affecting starch detection, analysis, or its use in
sapwood estimation.
6.v.c. Wood Sample Size (mesh) and its Preparation.
When multiple sample analyses were planned, problems arose in production of a fine
wood flour as used in the control method. Studies were made to evaluate coarser material,
of 40 to 60 mesh, as used in other laboratory procedures. These were successful, and that
mesh size was standardised, but major change was required in the sample  extraction times,
which were increased. Details of timber sample preparation, and pre-extraction techniques,
are described (Appendices 6 and 10). They include precautions when preservatives may be
present.
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6.vi. Measurement of Degree of Degradation (Hydrolysis).
In view of the importance of extraction methods on later estimation, a quantification
of any hydrolytic effects was developed.  As the physicochemical principles and evidence
are reviewed in Chapter 5, only the pertinent theoretical bases are stated below.
Many workers concluded (Chapter 5)  the iodine is bound in a complex dependent on
helical spatial configurations of starch (cf. Chapter 5 re the relation of the “Blue Value” as
a function of purity of the amylose fraction, and qualifications discussed in the visual
estimation [Section  D, Chapter 4]). As the helix is “unwound”, more sites become
accessible and available for the iodine. When the “Limit Dextrins” (and “Achroic Point”)
are reached, further “iodine-complex” formation cannot occur. Eliassef and Lewin (1964)
quantify an iodine usage to the Aldo-Glucose Units (“A.G.U.”s), formed (Chapter 5) as a
result of the starch amylose degradation .
Early work by the author showed when the  “starch-iodine complex” is formed and
measured spectrophotometrically, there were differences in “iodine blue” colour, which
appeared to be a function of  the extraction times and conditions.
The results obtained led the writer to deduce the resultant usage of iodine, on a mass
basis, in formation of the complex, is quantitatively increased as access to  reactive sites
increases. That premise led to the tentative conclusion that, provided excess iodine reagent
was added, usage in terms of formation of the “complex” is also a function of accessible
sites. That may be equated to increase of the actual number of “complexes” formed per unit
mass of original starch amylose.
The author hypothesised that the validity of this premise may be initially tested by an
increase in the value of the relative absorbance of the complex due to an increased number
of sites involved. Results could be quantified by spectrophotometry.
If matching samples of amylose, which was used instead of starch to exclude
amylopectin influence, were dispersed at different temperatures for a sufficient time to
cause “Degradation” (Chapter 5) as defined by Greenwood (1967), which, in this context,
is the making accessible of more reaction sites to iodine, then any increased “complexes”
would be measurable by the proposed method. In addition, it could confirm other research
data on possible critical time / temperature effects.
To test his hypothesis, the writer dispersed potato amylose (500mg) in a litre of water,
for 6 hours at 3 temperatures from ambient (Table 5) to near boiling. The dispersion was
stored for two days under refrigeration, equilibrated, with shaking, at 27 degrees and the
complex formed. Readings were made (625nm) within one minute. Triplicate measure-
ments were made with results as in Table 5.
The hypothesis was confirmed. Potato starch, and wood starch extracts, gave corre-
sponding results.
This result led the author to develop the theory that the measurement of “unbound”,
or excess, added iodine could quantitatively indicate any influence of extraction conditions
on the degree of “hydrolysis” of especially the amylose fraction. He terms “opening” of the
helical structure as “Hydrolysis” (Chapter 5), and refers to it as causing an increased
accessibility for iodine to the dextrin (or “A.G.U.”), sites. This further postulate was tested
and  confirmed. The author found the “complex” could be  aggregated and separated from
the liquid phase (refer Tables 6 and 7). Excess iodine was extractable by carbon tetrachlo-
ride. Back titration gave the usage of iodine. Details of recommended procedures and
alternative test for preliminary assessment are given in Appendix 7.
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TABLE 5
Influence of dispersion temperature on absorbance
values of iodine/amylose (x) at 625nm.
Series Temperature Relative (1):
degrees C. absorbance
0 water control 0.000
1 27 +/- 0.5 C 0.272
2 50 +/- 0.5 C 0.969
3 98 +/- 1.0 C 1.000 *
note: * Too deep to read without dilution of samples.
Maximum absorbance reading, from scale, is 1.000.
(x) amylose concentration 500 mg / 1 litre water.
(1) triplicate measurements.
6.vii. Methods for extraction of starch.
6.vii.i. Water extraction methods.
They are classified on the temperature of extractant. In these, four standard tempera-
tures were tested. They were ambient, typically 20-25 degrees, 50, 70, and boiling point
(100o C.).   Studied and utilised, not only in terms of initial extraction, but in examination
of the post-extract procedures, methods using water only are not further discussed in this
context.
6.vii.ii. Use of Aqueous Solutions of Calcium Chloride as Extractant.
An aqueous solution of calcium chloride (CaCl2) was found effective. Tests showed
the optimum extraction of starch was with calcium chloride concentration ranges between
5% and 10% m/v., and using a temperature of 100 degrees. Study for each of the two levels
of concentration of extractant, showed the rate of extraction is not linear with time. There
were no significant advantages by use of the 10% concentration, and use of the lower value
was standardised. For local species, over 90% of “solution” of wood starch is obtained
within one hour.
6.vii.ii.i. Optimum Starch Extraction using 5% Calcium Chloride Solution.
Optimum extraction of wood starch is given by a reflux time of 60 minutes, using 1
gram of wood meal.
A volume of 20 ml of 5% calcium chloride solution was selected. Though some
minimal degrade was present at 90 minutes, provided extraction time (100 degrees) did not
exceed two hours, hydrolysis effects were not found significant. Studies, quantified by the
measurement of degradation based on iodine usage (Appendix 7), showed reflux times
above two hours did cause significant hydrolysis. Above that period, and dependent on
time, use of “bound iodine”  indicated increased hydrolysis from  25% to 50%,  when
measured against controls based on standards using pure potato amylose. These finding on
extraction rates, and on extractant concentration, were confirmed (Kennedy, 1971).
Comparison of the hydrolytic effect of calcium chloride when compared to influence
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of temperature, showed the latter was more significant, and, at the nominated salt
concentrations, calcium chloride solution is classified as only a mild degrading extractant
of starch, including wood starch.
Multiple studies confirmed extraction was complete when tests on aliquots of the
extract gave a negative blue colour with N/20 iodine/ potassium iodide (I/KI).
In initial research on extractions of timber, or on use of different extractants, or
changes in technique, the writer found it is preferable to confirm completeness of extraction
by tests based on group carbohydrate reactions such as those by orcinol (Appendix 9), or
by tests using Benedict’s solution. The orcinol test is not applicable directly on wood, but
is effective, with a detection level of 5 to 8 micrograms,  in tests on starch extracts, from
which calcium should be separated (Appendix 9).
6.viii. Starch Separation, and Purification, subsequent to Extraction.
After extraction, the hot mixture (extract and wood meal) is filtered and washed with
hot water. It is then cooled to room temperature. Complete quantitative precipitation of the
carbohydrate is obtained by addition of ethanol (in excess of four volumes to one volume
of extract). The precipitate is centrifuged, washed with ethanol and air dried, prior to final
dispersion in boiling water. The aqueous dispersion is cooled and made to volume. Calcium
chloride is soluble in ethanol, (Sidgwick, 1962), (Handbook of Chemistry, 1967-68),  and
it is adequately removed during precipitation and washing with ethanol as described.
Dependent on end requirements, purification is repeated, the precipitate is washed
with a water/ethanol mixture, and re-dried at ambient, or low temperatures (Chapter 7). It
is re-dispersed at 100 degrees in water, cooled (see “sol” below) and made to volume. A
typical final volume of 500 mls  is used. To ensure uniform dispersion, this is shaken before
an aliquot is taken.
6.ix. Formation of the “Starch-Iodine-Complex” and Reporting of Results.
To meet requirements both of excess iodine reagent, and the readibility range of
spectrophotometry, a volume of 1.0 ml  of N/20 iodine/potassium iodide reagent on the basis
of a 10 ml aliquot taken from 500 mls of starch dispersion, was found suitable. Though this
reaction is based on amylose (or amlyodextrins), when potato starch is used as standard,  and
with a typical amylose content of 25%, all results are reported as “equivalent starch”. If
different total volumes  of wood extract are used, eg. 50 mls, an adjustment of the addition
of iodine reagent is made. In his research, when specific investigations were carried out
using amylose, the writer generally reported results as that fraction of starch. Reading is
made (Section 6.ix.ii.) within one minute. If a starch (or amylose) concentration higher than
this level is present, depth of colour may be above readability and diluted aliquots are
needed.
6.ix.i. Characteristics of Starch in Aqueous Medium, and Starch “sols”.
In this writer’s experience, the single most important factor in starch analysis is that,
though described as a “solution”,  starch dispersion is, in fact, a “sol” and, thus, particles
can aggregate, and precipitation occur. It is not colloidal and, thus, more correctly, it should
be described as a “dispersion”.
Aggregation problems are not as significant at elevated temperatures, and led the
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author to standardise on use of elevated temperatures for aqueous washings. However,
when making starch (amylose) extracts to volume, ambient temperatures are required. The
starch, and amylose, dispersions should be shaken prior to sampling. This fact is well known
in analytical laboratories, and some suppliers manufacture a specific “soluble starch”.
Schoch (1945) suggests the instability of starch “sols” is due to the presence of the linear
“A” fraction and favours alcoholic systems of fractionation. This phenomenon has most
significance in iodiometric methods, and this instability due to “dispersion” causes
difficulties in any method requiring measurement of clear liquids. That problem applies
where spectrophotometry is used. Any formation and settlement of a precipitate give
unstable readings of absorbance due to light scatter. Neither Beer’s nor Lambert’s law can
apply. To confirm, and to quantify, the effect, the writer, using special optical cells, tested
significance of aggregation on iodiometric colour measurement,  as a function of reaction
time (Section 6.ix.ii.) after complex formation. A technique (Section 6.ix.ii.ii.) was
developed to reduce the effect.
Estimation as simple sugars involve a “solubilising” step by hydrolysing with dilute
acid, or, alternatively, enzymolysis.  Thus, for such procedures, once hydrolysis has
progressed, there is a minimal effect of the “sol” on uniformity of starch distribution in an
aqueous medium.  Other references to pre-treatment for solubility, are given (cf. Appendix
10 and Chapter 5).
6.ix.ii. Effect of Reaction time on Iodiometric Stability of the “Starch-Iodine Com-
plex”.
When iodine reagent is added to a “dispersion” of starch, many methods specified
“immediate” reading, but limiting time conditions were not defined. In earlier work the
author had noted (Chapter 4) a variable rate in  settling of precipitate after formation of the
“iodine-complex” in assessment of starch, and particularly, wood starch. To confirm this
effect was present and was significant in quantitative spectrographic studies, three speci-
mens of each of three species, with variations in their starch levels (Table 6), were then
extracted, and purified, as described above.
Iodine reagent was added, and  separate triplicates for each specimen, measured at 0.5,
and 15 minutes, showed precipitation did occur. Differences to the values at 0.5 minutes
were found. It was noted (Table 6) a relatively high residual absorbance was present in some
samples after 15 minutes. Results confirmed evidence accumulated by the writer in
extractions over a wide range of species that precipitates were formed, and were confirmed
as typical “starch-iodine” complex. This was one reason why the author specified centrifu-
gation in measurement by iodine (Appendix 7) of the degree of starch degradation.
This time difference in absorbance was not found (Section 6.ix.ii.i., below) in similar
studies using amlyose and with centrifugation. It was considered to be a function of the
“settling rate” of the complex, suggesting the effect is a function of wood starch concen-
tration, and starch characteristics from different species (Chapter 4). As measurements
were at a narrow waveband (625nm), the residual colour is not attributed to possible iodine
reaction (cf. Chapter 5) with amylopectin extracted from the wood meal.
6.ix.ii.i. Aggregation Stability in Spectrophotometric  Measurement of the Amylose-
Iodine Complex.
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TABLE 6
Decrease of absorbance of wood starch/iodine
(not centrifuged) complex at 625nm.
species sample relative
(note 1) number absorbance(2)(4)
(3)
0.5mins. 15mins.
water control 0 0.000 0.000
yellow walnut 1 0.225 0.022
“      “ 2 0.565 0.320
“      “ 3 0.002 0.000
n. silky oak 1 0.004 0.000
“      “ 2 0.039 0.000
“      “ 3 0.682 0.444
kurrajong 1 0.486 0.161
“ 2 0.476 0.254
“ 3 0.214 0.196
note 1. species were;yellow walnut, Beilschmiedia bancroftii..northern silky oak, Cardwellia
sublimis. kurrajong, Brachychiton spp. prob.acerifolius.
note 2. relative absorbance.
note 3. separate wood specimens used for each species.
note 4. data shows variation between species in termsof decrease in rate of aggregation as a
percentage of initial readings.
To evaluate, and clarify, the variability in stability of the complex and its effects on
measurement, as well as to confirm it was a function of the reaction, and not a characteristic
of wood starch only, further research was conducted using purified laboratory grade
amylose.
The author used a 0.01% m/v solution of amylose in 5% calcium chloride (Section 6.
viii.). After precipitation and re-dispersion of the amylose in water, iodine reagent (I/KI)
was added to aliquots, and the resultant blue colour read spectrophotometrically at times as
in Table 7. Separate triplicate samplings, and measurements, were made.
A matching sample was rapidly centrifuged after standing for an equal time, and then
measured. In view of the predicted short stability times, a spectrophotometer was used
which enabled the initial complex formation to be formed (with shaking prior to reading)
in optical cells. A matching complex was formed in a small centrifuge tube, with separate
replicates for each test, and in which it was held for the required time and then centrifuged
(cf. Section 6.ix.ii). The centrifuged samples were then decanted into a cell for measure-
ment.  Results (Table 7) confirmed a significant time effect on the optical stability. The data
to one minute were not statistically different, but longer times (for direct measurement)
above one minute were significantly different. Non-significant differences, found after the
centrifugation, in spectrophotometer readings of the  “reacted” samples, but which were not
present in the control (reagent) water blank, demonstrate an “optical stability” which the
author attributes to a “soluble effective” component of the “amylose-iodine” complex.
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Results confirmed the writer’s views that stability of the “blue colour” of the “complex” was
a function of aggregation time after formation, was associated with the “amylose/iodine”
reaction, and is not caused only by wood starches. They showed that iodiometric colour
readings   should be completed within one minute from addition of the iodine / potassium
iodide reagent. Potato starch gave similar results.  The evidence led the author to develop
stabilising procedures for use after initial extraction.
TABLE 7
The effects of time and centrifugation uopn absorbance
values of amylose/iodine complex at 625nm.
time after relative  absorbance (1) decrease
reactants
mixed (2) unfiltered centrifuged per cent
water 0.000 0.000 —
0.5 mins 0.917 — — (2)
1.0 mins 0.910 — — (2)
2.0 mins 0.878 0.028 96.81
5.0 mins 0.900 0.028 96.89
10.0 mins 0.790 0.028 96.45
15.0 mins 0.766 0.028 96.34
notes;
(1) relative absorbance = blank setting 1.000 - actual reading. Separate samples used for each
determination. All measurements in triplicate.
(2) the direct results for 0.5 and 1.0 mins. were not significantly  different, but values above them were.
No centrifuged samples were made for these two levels due to time constraints.
6.ix.ii.ii. Stabilising Treatment of Starch Extracts for Iodiometric Measurements.
To stabilise a starch extract for iodiometry, the author  undertook research into
procedures by which aggregation, and precipitation, effects could be prevented, or by
which the rates of such effects could be slowed.
This was achieved by making separated, and re-dispersed, starch extract just alkaline
to phenolphalein by the controlled addition of dilute sodium hydroxide, followed by a
measured acidification with acetic acid.
The complex is then formed with iodine reagent. Neither rapid precipitation, nor
aggregation, occurs and readings are stable for more than 15 minutes.
6.ix.iii. The use of Formamide (HCONH2) as Extractant for Starch.
Vogel (1964) discusses solubility of starch in Formamide, and its use as an extractant
of wood starch was studied. Based on extensive research into the suitability and efficiency
of formamide, including possible “degradation” of the wood starch, it is an effective
extractant of wood starch. The results, and procedures found suitable, are described in
Appendix 8.
6.x. Alternative Analytical Techniques Applicable to Starch and Carbohydrates.
Because of changes in analytical needs, it is appropriate this exposition on the writer’s
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research on estimation of starch, should conclude by a brief review of alternative methods
for carbohydrates.  The review includes wood starch analysis, and the examination of some
fundamental aspects in methods of estimation, including methods (Appendix 9) where the
primary method is not specifically to measure starch, or its fractions, but where that
measurement is as carbohydrate. Of those described, use was made of a number which were
of application in the author’s research. Fractionation using alumina, tests of paper, and of
column, chromatography, applying reagents described by Feigl (1966), and several
techniques developed for sugar analyses using reagents such as orcinol, illustrate the
appropriate utilisation by the author. That use did extend to fields of research not directly
dealt within, or by, this Chapter.
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Chapter 7
PROCESSING CONDITIONS AFFECT STARCH IN TIMBER, MOISTURE
AND TEMPERATURE ARE SIGNIFICANT.
7.1. Many of the early workers (Campbell,1935) who studied starch in wood, used
material not subject to processing conditions which were critical to starch. These circum-
stances were at variance with those applying to Forest Products Laboratories operating in,
especially, New South Wales and Queensland. Both were charged with advising local
timber producing, and using, industries in effective utilisation of resources and, at the same
time, with the administration of  legislation heavily involved in detection and estimation of
starch. That injunction resulted in need to examine stability of starch under a number of
conditions. General implications (Chapter 2) of legislation were reviewed.
Two relevant major results of these roles were a requirement of knowledge of
interactions with processing procedures, and concurrently the estimation of starch in wood
products which had been subjected to a range of processing conditions, with many
involving a thermal, and or moisture content, change, or which included a chemical
component in such operation.
7.1.i. Operational evidence which had shown a number of anomalous results, but
which were not explained by causes such as differences in growth conditions of trees, led
the writer to consider if anomalies may be functions of certain processing factors and, in
many cases, might result in changes in starch, or its detection, from a fallen tree to the
finished product. Anomalies included;-
7.1.i.i. non-significant Lyctus attack in untreated plywood, manufactured by hot
pressing of starch positive (after peeling) veneer subsequent to seasoning of the veneer by
machine drying (Cokley, 1956) at temperatures equal to, or above, 100-120oC.
7.1.i.ii. A non-significant level of Lyctus attack in starch positive timber, which had
been inadequately preservative treated by processes  operating at elevated temperatures.
The incidence of attacked samples was low, and was less than fifty cases in 20 years.
Attack was found in timber specimens with  corresponding low preservative retention
levels which had been treated by processes operating   at ambient temperatures. Air dried,
untreated  timber was attacked. The incidence of positive attack included veneer (Chapter
9) which had been dried at ambient temperatures, or below 70 degrees, and with large
quantities attacked.
7.1.i.iii. In all but one anomaly, that is, where no Lyctus attack  was found in
inadequately treated, or untreated product, the corresponding processing during manufac-
ture involved marked increases in temperatures, and times, to which the timber was
exposed, often resulting in large reductions in moisture content of the product. Additional
instances involved the presence of chemicals in adhesives or the use of preservative, other
than conventional total impregnation, such as quarantine fumigation of timber, or log,
imports by methyl bromide. Two special, commercially inportant, circumstances placed
greater emphasis on a possible inter-connection between these two external influences of
temperature and moisture with starch. They are:-
7.1.i.iii.a.  Prior to “peeling” on a rotary lathe, or “slicing”, into veneers, the
preparation of logs, and flitches, involves “thermal softening” (Appendix 3) in water, which
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required “pre-boiling” of logs or flitches for some days in concrete vats. Generally, starch
from such sources was “swollen”, readily extracted, “soluble”, and measurable. However,
consequent on research programs (Appendix 13) on starch distribution, cases were noted
where starch results were at variance to measurements on the fresh logs.
7.1.i.iii.b. Production of bent, turned, timber products such as tool handles was from
young, small girth, logs and with a preference for spotted gum (E. maculata). Material,
“dressed” in a “semi-green” state, was steamed for up to several days using low temperature
“wet” steam, with progressive bending in clamps. It was air-dried, machined, and  several
varnish coats applied. Though the manufacturer had subsequently installed preservative
processes (hot and cold and later vacuum/pressure), with kiln seasoning, incidence of
Lyctus attack on untreated, starch positive (when sawn) product was extremely low. Of the
few, one was a shovel handle owned by this author.
7.1.ii. The exception in those anomalies differed in that there were  no increases in
temperature, nor changes in moisture content. That refers to “Starch Resorption” and is
examined in Chapter 5, and in review of susceptilibity of timber species to possible Lyctus
attack (Chapter 9).
7.2. Possible effects of Processing Conditions on Starch.
After reviewing the evidence, the writer considered that wood starch may be degraded
by certain processing conditions or treatments. There was minimal  literature on this topic
as relating to wood starch. Confirmation of the author’s theory of processing factors as
causing  possible degradation, required research into effects of such conditions on starch.
Initially there was a need to quantify influences on starch of factors common in these
manufacturing procedures, such as high temperatures, and, if they were present, to
determine critical parameters.
7.2.i. Use of Agricultural Starch Information.
The writer accordingly followed practices similar to those used in studies on starch
evaluation and reactions (Chapters 4, 5, 6), and utilised agricultural starches as the models
for comparison. A large body of literature was available for those types of starch on
susceptibilities to processing conditions.
A reader is justified in asking why the author did not follow practices of  impregnation
of starch, or of its fractions, into small blocks and subsequent testing of possible causes on
that basis. One reason is demonstrated in Chapters 9 and 12, where he shows sites of
deposition by impregnation, including starch (or its fractions), and especially for angiosperms,
will differ from natural sites of starch occurrence in the wood.  Procedures in impregnation
of small blocks were used routinely for tests for pathways of the penetration of preservatives
into timber. Performance of such sizes, under processing, is significantly different to macro
specimens, with particular reference to time/temperature and the moisture content relation-
ships. Further, there arose problems in quantitative extraction of impregnated starch, which
must necessarily include the degraded forms after any studies. Substantially, problems of
such extraction were reasons for this study to proceed.
If wood starches are susceptible, particularly to effects of thermal degradation, and
moisture content changes, as noted for the agricultural starches (Chapter 5), then, to confirm
the hypothesis, it is necessary to confirm the degradation products. This requires experi-
mental evidence that any  susceptibilities of wood starch to degradation are equivalent to
those of agricultural starches induced by the same conditions. The relationships are further
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examined in this Chapter, where evidence collated in Chapter 5 was combined with service
results, and with laboratory testing, as guides to  any physical and/or chemical, processing
factors which may affect starch or its fractions.
7.3. Factors Significant in Wood Starch Reactions.
It is not considered surprising that much indicative data suggested moisture and/or
temperature conditions, and their interactions, may possibly be significant in any changes
caused in starch, as  these two factors exert  major influences in all facets of wood
performance, and the effects include wood components and extractives.  However, the
author considers a discussion of these interactions with starch and  its stability (including
its detection and assessment), is the most appropriate place to introduce topics, and terms,
relating to temperature, and moisture, and their involvement with the processing of timber
products.
For this reason, an apparent digression is made to identify, and  to define, these topics,
and so indicate their relevance to wood. This digression will enable a reader, before
evaluation of the possible effects of such conditions on wood starch, to clarify their
importance, to put them into a correct perspective, and thus, to consider the roles played by,
what the writer terms,  basic common factors in wood production (and usage). Details on
some of the processes are given in Appendix 11. In almost all processes, two, or more, of
the factors (and their interactions) occur. Though definitions for some of the factors are
contained in Australian Standards (short title SAA AS 01-1964), in this context, the author
places change of emphasis on some of those terms (discussed after definitions) to more
clearly show their interactions with wood processing as well as with starch chemistry and
technology. The factors are;
7.3.(a).Thermal Gradient.
Timber is primarily an insulator and, in a later context in preservation (Chapter 13),
the term “diffusivity” is introduced. For the topic under discussion, it  suffices to state the
ability of timber to disseminate heat is a function of its moisture content and of wood
density. The specimen cross-section is important. Thus, when wood is exposed to increases
in temperature, there is a steep and measurable thermal gradient from the surface exposed
to the heat source to the centre of the timber section. As time of exposure increases,
temperature increases with depth, but the rate of increase is non-linear. The higher the
temperature of the external source, the associated moisture (see next below) contents vary,
and the steeper the gradient. Conversely, exposure to a lower temperature results in, what
is termed here, a negative gradient, and usually an increased moisture content in the outer
zone.
7.3.(b). Moisture Gradient.
Similar to a thermal gradient, if timber is exposed to lower humidities, drying
commences from outer surfaces, but the rate of drying (termed seasoning) and, thus, loss
of moisture, decreases with depth. This variation of moisture with depth, or length, is termed
a “Moisture Gradient” and is influenced by temperature and time. Physical properties
(Chapters 12 and 13) have effects as for temperature, and the  moisture content gradients
are similarly non-linear. Angle of cut (AS 01-1964) plays a role. If moisture (and generally
thermal) differentials are extreme, especially for the outer layers, “surface inactivation”
(Appendix 15) occurs, and moisture contents are low.  Wise (1946) attributes the cause of
this condition, which he refers to as “case hardening”, to a chemical cross-linkage of any
available hydroxyl and carboxyl sites in constituents. For this condition, a timber surface
becomes difficult to wet with any aqueous additives and stresses are set up in the section.
To relieve or remove the “inactivation” and stress effect, external conditions are reversed
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by using heat with high humidities, a process termed “Reconditioning”. Under these
conditions, such as when the external humidity is high, as given by “wet” steam, or by
immersion in water, especially if above ambient temperatures, a reverse moisture gradient
results.
7.3.(c). Critical Moisture Contents.
There are six primary separate critical moisture contents in relation to timber, each of
which were found to have a significant role in starch stability. It is in definition of, and
extension for, some of these terms (cf. Moisture Content Concepts, Chapter 12) where the
writer wishes to expand limitations of, and emphasis given  in, Australian Standard AS 01-
1964. Four terms (and abbreviations) are;
7.3.(c).i.   Green (G.O.S.).
7.3.(c).ii.  Fibre Saturation Point (FSP).
7.3.(c).iii. Equilibrium Moisture Content (EMC).
7.3.(c).iv.  Oven Dry (o.d.).
The state of “oven dry” in a specimen plays an important role in many measurements
in timber research, illustrated by topics in Chapters 12, 13, 14,  such as “Void Volume”
calculations, or “Basic Density”.  As defined in AS 01-1964, the term “Oven Dry” relates
to the condition where a specimen “will not lose moisture in a ventilated oven —— between
100o and 105 oC.” There are some species, including softwoods, which contain volatiles, or,
alternatively, extractives which are thermally degraded at the nominated temperature range
to measure the “oven dry” state. Cypress and slash pines, as well as many eucalypt foliages
(essential oils) fall into that category. This was a problem in moisture tests under
T.U.P.A.(1949), and Australian Standards. More correctly, the “Oven Dry” term should be
defined as “the state (at a nominated temperature range) of no further loss of, or equilibrium
in, sample mass, and which loss is assumed as due to loss of water”.
Two additional terms not defined above, but consequential on them, are significant for
fields of Wood Chemistry, of Preservation, and of Timber Physics. Of these, the former
term is an extension of a listed term, “green”, and the latter of the term, “oven dry”. They
are referred to as:-
7.3.(c).v. “Saturation Moisture Content”, is defined as the point where the moisture
content in a specimen is at a maximum, and differs from the term defined as “green”, and
which is, by definition (AS 01-1964), indeterminate as a specific value,  as well as two terms
introduced by the author (Chapter 12). They are the two concepts of a “Standing Tree”, and
a “Stable Green”, moisture content.
“Saturation Moisture Content” is experimentally attained by repetitive impregnation
(to constant mass) of a sample by water. It may be obtained by the continued boiling of a
specimen in water, but, in many studies, effects of boiling on a sample are undesirable, and
the writer found repeated evacuation and absorption  to be generally applicable. For both
procedures, soluble extractives may be removed. In later discussions it will be shown the
“Saturation Moisture Content” is used (Chapters 12 and 14, Appendices  37 and 38) as a
guide to “Void Volume”, and the possible maximum preservative impregnation in a
specimen, but problems may arise in its use (Chapter 12), without qualification, for the
preservative uptake in angiosperms.
7.3.(c).vi. “Anhydrous” is an extension of the definition of “oven dry”, with which it
is partly synonomous. It refers to situations, which are not restricted by definition to an oven
temperature (100 oC.). The term includes conditions where all of the  moisture has been
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removed from a specimen. Hence, it includes removal of the moisture by chemical
procedures, or by influences of manufacturing processes. Examples of these conditions are
chemical techniques, such as moisture estimation by the Dean and Stark procedure, or
solvent extraction followed by vacuum drying, used as reference methods for moisture
content determinations. “Chemical Seasoning” of timber products has been advocated on
a commercial scale.
The necessary extension to the definition of “oven dry” explains the writer’s usage of
the term “anhydrous”. That condition of complete loss of moisture may be described
(Chapter 5) as “Dehydration”. If these processing conditions become more severe, there is
possible water loss from wood constituents, other than that defined (AS 01-1964) as the
“combined”, or more commonly, the “bound” water. Final states of wood degradation are
considered as  being equivalent (Section D, Chapter 5) to the conditions of “Charring”, and,
finally, to “Carbonisation” at which the chemical structures are broken down (cf. Section
7.4.b.). This progression in degrade occurs where high temperature processing, including
RF gluing under certain conditions, or exposure to fire, is present.
7.4. Correspondence of  Processing Factors with Research on Starch Stability.
To support the writer’s hypothesis of  the above factors having  effects  on starch, it
was necessary to measure processing conditions to which wood starch is exposed, enabling
determination of their similarity (cf. Section 7.2.i.) to those reported to affect agricultural
starch.  Comparison was made of both starch types (or fractions) for any chemical, or
physical, degrade when exposed to equivalent process conditions indicated by measure-
ments.
Greenwood (1967) discusses both the “degradation” of, and “dehydration” of, starch.
To stress  a special case of “degradation”, the author defined (Chapter 5) a term “hydroly-
sis”, indicating possible cleavage of the helical structure of starch (or fractions). Other
references (Chapter 5) indicate a number of effects of chemicals on starch. To co-ordinate
all aspects, the writer suggests processing conditions of timber products may be equated to
those defined by workers such as Greenwood. Thus;-
7.4.a. For conditions above “Fibre Saturation Point” (FSP) and increasing to the
limiting one of “Saturation Moisture” content, and where free moisture is present, thermal
and moisture effects on starch  can be equated to possible “hydrolysis”. That effect is
synonomous with the term “degradation”, and precedes “dehydration”.
7.4.b. As the Moisture Content decreases below FSP, then, by definition, free moisture
has been removed, and “hydrolysis” ceases. As drying progresses from FSP to EMC (cf.
“contained” and “bound” water concepts, Section 14.4.3.i.i, Chapter 14), some of the
“contained” water is removed. From EMC to the oven dry state (where residual “contained”
and “bound” water is removed), some critical moisture changes occur in wood starch
(Appendix 12), which is equivalent to its “dehydration” as defined (Chapter 5) by
Greenwood (1967). If drying conditions continue past the nominal oven dry, eg. by increase
in temperature, then from that point, water removed may be associated with its loss from
wood components and/or extractives. Under these final conditions, the specimen is initially
“charred” and finally the component chemical structures are broken down with “carboni-
sation” occurring and includes the starch present in the specimen.
7.5. Selection of Experimental Conditions based on Data from Agricultural Starch
Sources.
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Examined in Chapter 5, specific evidence is cited for the  laboratory comparison of
agricultural starches with wood starches after extraction. If the  comparisons show wood
starch is susceptible to these test conditions, further examination of possible effects on
wood starch “in situ” would be justified. Examples of critical parameters for comparison
are summarised as:
7.5.a. Early work by Henderson (1943) examined starch depletion as  a function of
conditions attained during low temperature kiln drying. He concluded the maximum
resorption was over a temperature range of 31-36o C., but higher temperatures (52o C.)
resulted in a decrease. He correlated this with continued cell viability and oxygen demand.
It is of interest that Henderson considered the possible roles of enzymes on starch stability.
7.5.b. Willits (1951) discusses temperature factors in determination of moisture
content in agricultural starch, as functions of temperature / humidity. He refers to the sharp
increase in loss of weight when using oven dry procedures for the determination of moisture
content in starch. This change occurred at just below 150o C.
7.5.c. Holdaway (1964) correlates degrade by drying at elevated temperatures as a
function of glutamic acid decarboxylase activity. He concluded that 85o C. is critical, but
the activity at 115o C. is only 50% of that at ambient temperature. He states that starch
degrade is  influenced by the source of the starch and its moisture content.
7.5.d. Sullivan and Johnson (1964) examined the effect of time, and temperature, on
starch birefringence and Beta- amylolysis. They defined the critical temperature range as
the point of reduction to 50% for birefringence or for production of maltose. Dependent on
the starch source, critical temperature ranges of 55-74o C.  were obtained, but source
differences tended to disappear at 85 - 90o C. They report waxy starches did not exhibit
significant effects at 70o C. They found degree of gelatinisation was mainly in the first hour,
reaching equilibrium in 4-5 hours, but was dependent on starch source.
7.5.e. Greenwood(1967) discusses (Chapter 5) the thermal degradation of starch.
Brimhall is cited by Greenwood (1967) as showing effects of degradation by an increase
in reducing power, decrease in the Beta-amylolysis limit, with a sharp increase in solubility,
but with marked decrease in linear material. Treatment for 1 hour at 175o C. was significant.
The thermal stability of amylose and of amylopectin decreased by 46% over a range of 219
- 251o C., but starch itself decreased by only 37.6%. The effect was influenced by inorganic
salts; sodium borate, a major preservative chemical, had a very significant effect irrespec-
tive of temperature.
7.6. The Sensitivity of Wood Starch to Temperature and Humidity.
The evidence suggested effects of especially temperature as low as 50o C., rising to
levels described (Appendix 11) for wood processing conditions. All data suggested
o C. It also related changes in
moisture content of timber to the stability of starch.
7.6.i. Studies were made,  using potato amylose as the control, including, and in excess
of, these ranges. Amylose was selected as control (Chapter 5) to remove any influence of
amylopectin, and emphasised the definitive test for reaction was the positive formation of
an amylose “blue complex” with (I/KI) reagent. Wood starch was then extracted, and
purified, under mild conditions, from a range of species and exposed to similar conditions
as  potato amylose. Results and exposure conditions are listed in Table 8.  Solubility results
cited relate to product dispersion (Chapter 6) in water. Iodine (I/KI) tests were made on the
dispersed material, but, in some cases, tests were repeated on moistened solid product.
Complementary studies made,  confirmed the reactions (Table 8) were equivalent for potato
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amylose, potato starch, and wood starches.  The author concluded that his hypotheses were
confirmed and;
7.6.i.i. Normal operations, including extended treatments for preservation or kiln
drying, at continued temperature > 70-100 o C, can degrade, or hydrolyse, wood starch.
Table 8.
Influence of drying conditions on starch extracted from  timber species, and using
potato amylose(x) as control.
series test result (see text)
no. condition
app. sol. iodine(3)
(temp. degs C.) (1) (2) complex
1 air dry control pale v.g. pos.
(ambient temp.) buff
2 vacuum dry
(ambient temp.) “ “ “
3 vacuum dry (a) buff satis. “
(135mm, 70deg)
from  ethanol pptn.
4 as for 3, but from
aqueous solution “ “ “
5 as for 3 at temp. pale v.g. “
of 40 degrees. buff
6 oven dry at pale poor sl.
70 degrees. (b) reddish
brown
7 oven dry at red poor sl.
100 degrees. brown
8 microwave (2470Mhz.) pale satis. pos.
3 mins./100 degrees, brown
humidity control.(c)
9 microwave as for 8 deep insol. neg.
at 120 degrees, no red
humidity control. brown
notes;
(1) appearance. (2) solubility in water (100 degrees) v.g.= very good. (3) standard reagent. sl.=trace
colour only.
(a) over 12 hours, degrade increased. Solubility and reactivity decreased. (b) degrade increased to total,
as a function of moisture loss and time. (c) water cell for equivalent 5% mc. (x) complimentary tests
using potato starch gave equivalent results.
7.6.i.ii. For the same temperature / humidity conditions, the effect is pronounced on
solubility of wood starch and its reaction with (I/KI) reagent  when compared to potato
amylose and potato starch.
7.6.ii. As the extracted wood starch was influenced by, and susceptible to, the
conditions similar to those used in process operations, general conclusions are:-
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(a) There are both solubilising effects and partial degradation in aqueous preservative
treatments and normal kiln drying to Equilibrium Moisture Content.
(b) Timber preservative treatment by  the vacuum pressure processes where oil
solutions and temperatures in excess of 80o C., are used, can cause severe degradation and
possible dehydration of wood starch.
(c) Where manufacturing processes are above 100o C. and may result in very low
relative humidities for extended periods (of the order of 12 hours), near dehydration of sawn
timber surfaces (and section depth) can occur, with a consequent effect on the wood starch.
(d) Where processing temperatures, greater than 120o C., and low moisture contents
(< 3-5% m/c) are involved, a dehydration of starch fractions occurs. The time effect of
exposure depends on section thickness and rate of heat transfer  and is dependent on species.
For thin sections such as veneer, which have high surface/thickness ratios, the effects (c),
(d) will occur in less than 20 minutes.
7.7. Service Confirmations.
Starch reactions from a  large range of open forest, rain forest, and plantation softwood,
species  were examined after the exposure of products to  processing conditions. Results are
shown in Appendix 12.
7.8. Legal Approvals Based on these Studies.
As a consequence of this aspect of the author’s research, an exemption, under T.U.P.A.
(1949), was given from  need for conventional preservation treatments (against Lyctus spp.)
for machine dried (using high temperatures and low humidities), hot pressed, veneer made
into plywood.
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Chapter 8
ECONOMIC AND SCIENTIFIC IMPORTANCE OF SAPWOOD AND ITS
IDENTIFICATION. THE INFLUENCES OF SOURCE, AND FACTORS IN
TREATMENT BY, AND REACTIVITY WITH, AQUEOUS SOLUTIONS.
8.1. Previous text (Chapters 1, 2, 3), stressed the roles of sapwood in effective
utilisation of timber resources.   For a number of reasons, conventional tenets were this
significant volume of a tree was nonutilisable except for very limited, and generally
temporary, applications. Legislation  enabling its use (Chapter 2), establishment (cf.
Introduction) of  Forest Products Conferences, were for the primary aims  of changing that
image, so ensuring sapwood utilisation.   This was expanded to, particularly in tropical/ sub-
tropical  rainforest species, a total usage of previously not used  timbers, but necessary as
effective utilisation of sapwood was a central focus of  conservation. Unless that was done,
none of the general  aims of conserving resources could be met. The magnitude  of that
requirement is shown in Table 9. (Queensland Forest Service, 1972.)
TABLE 9
Relation of total number of Queensland species to Lyctus susceptilibity and rated
durability.  (x)
item data
number of utilisable species 351
percentage (number) susceptible 49.5
to Lyctus spp.  note (a) (174)
________________________________________________
percent (number) class A durability 9.2
note (a), note (b) (32)
class B durability 27.9
(98)
class C durability 63.0
(221)
________________________________________________
notes
(a) Total of species in classes shown in brackets.
(b) for durability ratings, refer Watson (1964). (x). QFS, 1972
Author’s notes; in this thesis, in use of the two terms, “gymnosperm” and “angiosperm”,
the writer will follow a general practice of use of italics (irrespective of upper or lower case).
AS 01-1964 uses the upper case, but the principal reason for this choice is emphasis in the
text. A similar practice is followed for the term “porosity”, when (Chapters 12, 14), though
normally interchangeable with “vessel” (eg. Chapter 9), the  “pore” is primarily differen-
tiated  in physical contexts of a “duct” (eg. for liquid flow), and is defined  jointly in terms
of pore size (diameter) and count (or frequency), per unit area.
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The administrative importance placed on this charter of Forest Services  (Chapter 1)
for conservation, especially of sapwood, is shown  by an approval to the author of a Research
Philosophy (Chapter 1) with an emphasis on establishing scientifically based  preservation
practices by the industry to make its use  viable, and in forms whereby the user public would
have  confidence its long term service is adequate for their  needs. The same aims  applied
to species which were rated as having a nominally (Chapter 3) low “durability”.  Research
into, and roles of, starch in sapwood utilisation,  and in legislation, were also principal axes
in achieving that goal.
Watson (1964) specifies restriction on usage of sapwood  in building timbers unless
preservative treated.
8.1.i. It was stated (Chapters 2-4) that, for the greater number of  Queensland species,
visual identification of  the sapwood  was impracticable, and starch assessment needed
validation.  Effects of manufacturing processes on assessments of starch  (Chapter 7) were
simultaneously involved. Relationships are reviewed (Chapter 9) with the most economi-
cally important hazard for sapwood, namely   attack by Lyctus spp.
In this Chapter, defined identifications, involvements,  questions of economics, of
sapwood, treatability and  species variability, are addressed. Differences between  classical
terminology for forest classes, in industry use  based on properties, and this author’s
encouragement of  classifications described in this text were important in  having uniformity
in all areas of timber preservation. It illustrates (Chapter 1) the author’s role of being a
“translator”  between industry and research groups.
8.1.ii. The discussion on sapwood indicates reasons for format used by the author in
this thesis in  describing  the research and technology applied in establishment of  the
preservation industry in this state. He elaborates  on that format in discussion of seven
interrelated items,  and, of which, several expand on  source variability as cited in Chapter
3. They are ;-
(a). Terminology of Classification of Forest Types.
(b). Significance (Section 8.7) of “Outer Heartwood” and “Transition Wood” in
angiosperms.
(c). Variability within species and groups.
(d). Factors in Penetration of timbers by Water-Borne Preservatives.
(e). The postulate, relative to penetration by aqueous  salt solutions, of timber being
termed “Reactive”  (Section 8.xii). Wood is not an inert physical system. In many situations,
timber  may behave as a chromatographic medium.
(f). Lyctus susceptible timber” as an indicator for the  non-durable zones of a species.
(g) Particularly topics 8.1.ii (a)-(e) demonstrate some common  factors which
influence the responses of a timber  to preservation,  dependence on properties which affect
wood “permeability”, “penetrability”,  and its resultant “treatability”. As these terms are
intrinsic to many  phases, they are defined, and discussed in topics (b)  to (d).
Initially, reference is made to problems directly due  to non-utilisation of this large part
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of our resource, and  deficiencies in non-destructive, especially definitive, field identifica-
tion  of an important zone of a tree.
As stated (Section 8.2.A) the definitions are developed for generally SAA documents.
A weakness of this rests in the system of Committees, which comprise specialists in specific
fields. Though draft documents are circulated for review, in practice that draft review is
carried out by similar specialists rather than by a wider group.
8.2. Formal Definitions.
8.2.A. Sapwood.
i. Australian Standard AS 01-1964 defines sapwood as;-  “The living outer layers of
the wood of a tree, in which  its food materials are conveyed and stored.” The writer (Chapter
2) points out legal opinion stated the above definition was  inadequate, and the term was not
included in the Acts (T.U.P.A., 1949). It  was also inadequate as a research definition, and
though the term “sapwood” was used, the formal Standards definition was not employed by
general industry.
ii. Chattaway (1952) defines sapwood physiologically as  “the zone containing living
cells, food reserves, where   heartwood formation, inclusive of polyphenols, has not  begun”.
Under both of these definitions, sapwood is limited by the  term “living” (refer later
discussion).
In general, sapwood does not  contain complex cell inclusions such as tyloses. Certain
species may exhibit immature tyloses, but sapwood does not contain heavy incrustations on
interior  lumen walls, is theoretically conductive to fluid flow,  and is considered permeable
to permanent gases or vapour  phases.   Of importance is Chattaway’s inclusion, in her
definition of “sapwood”,  of the presence of reserve food materials.Kozlowski (1971,
volume 1) gives a comprehensive review of  the relations of sapwood and heartwood.
Kremer (1963)  discusses the chemistry of developing wood.
8.2.B. Heartwood.
The AS01-1964 definition of heartwood may be termed as opposite to that of
“sapwood”, but classifies the term “truewood”,  which is used by industry, as synonomous
with heartwood. That  standard also defines a number of terms (generally associated with
defects) as “heart” with  differentiation according to cause, and, to users, this association
of the term “heart” suggested defective wood. It was for similar  reasons (Wilson, 1936) that
industry had standardised on the use of the term  “truewood” as denoting the high quality,
and durability, parts of a log, and, in most cases, continued to do so.
8.2.i. Problems in Application of Definitions.
Difficulties occur in assessing sapwood by physiological  definitions. Clarity of
definition is necessary for exact  scientific assessments of the relations of particularly
“sapwood” and “heartwood”. A principal problem rests in  inclusion in SAA documents
(AS 01-1964), of a requirement  of “living outer layers”, and “living cells” in that of
Chattaway’s definition. No method to determine this criterion is practicable in industry  as
it depends on specific laboratory techniques.   The only effective, practicable, utilisation
method (especially in the field) for sapwood delineation is identification of reserve
nutrients and the choice, imposed by legislation, but  justified by results, of detection by
starch. Sugars,  as the alternative means of detection, are suitable only in a laboratory,  or
by skilled staff using sophisticated chemical procedures.
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Sugar  estimation was important (Chapter 6) in research investigations by  the author on
starch analysis and is examined further in  this Chapter. For over seventy percent of the
species  marketed in Queensland, absence of starch implies a  “heartwood” rating in
certification.  Non-correlation to treatment is illustrated (Table 10), where starch  tests for
5000 commercially adequately treated specimens  are rated against the preservative
treatments.   It was in this context that the role of “sapwood” was  necessarily developed
in the fields of utilisation and preservation; hence emphasis on means of identification and
definition of this zone. Starch  positive volumes, representing sapwood, are examined
Seasonal changes of carbohydrates in mature trees become  inportant when starch is
an assessment basis. Zimmerman  (1971) illustrates these variations. Brimblecombe
(1940a)  studied starch variations in spotted gum, E.maculata,  and established
(Brimblecombe, 1940b) a “high ringing”  technique to cause starch depletion in that
species.
Present inadequacies in definition and thus ineffective  identification procedures have
caused many problems in  development, and evaluation, of fundamental, or applied,  studies
in many fields, including permeability to gas and fluid flow, durability, susceptibilities to
destructive organisms, or utilisation factors such as paintability.  A major need for positive
clarification was in relation  to growth conditions of trees, significance of soil sites, soil
chemical uptake, temperature and rainfall. To translate a result in  terms of the mature stems
frequently necessitated confirmation of sapwood by tests other than microscopic.    How-
ever, accepting additional definitions by Chattaway  (1952), “permeability” and durability
characteristics  do clearly indicate that a specimen could be satisfactorily classified as  being
“sapwood”. Use of this property, “permeability”, is cited (Section 8. x, Chapters 12, 14)
with respect to preservation, and is discussed relative  to small block tests on sapwood for
nutrition studies (Chapter 9) on Lyctus sp.
TABLE 10
Distribution of starch class with timber species
type and penetration of preservative (1)
species pres. starch grade in samples tested,
type (water percent distribution (2)
borne) nil trace light med. heavy
Open (3) boron (a) 51.2 4.9 26.8 12.2 4.9
Forest CCA (*) 4.1 4.1 44.9 46.9 (b)
Rain boron (a) 26.0 4.1 23.0 23.9 23.0
Forest CCA(*) 10.8 3.6 21.4 57.1 7.1
notes:
(1) Random sampling of the data for 5000 commercially adequately treated (Appendix. 14) specimens
examined. (2) using the five numeric rating scale (Table 1).(3) inclusive of wet sclerophyll species (*)
copper-chrome-arsenic multisalt formulations.These were pre-extracted (hydrochloric acid) and
confirmed by visual extract estimation.(a) boron compounds treated by all processes, but principally by
hot and cold methods.(b) no grading of "heavy" recorded in this group.
8.2.ii. Negative Effects of Not Using Sapwood.
As indication of the high values to be gained by sapwood  utilisation, negative results
other than economic, from  its non-utilisation are cited. They enable the reader to  more
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readily understand steps taken to make it usable.  They include relevant changes in the
industry practices,  relate those to non-utilised volume due to tree form.  These changes saw
loss of expertise in the adze, of the  broadaxe. The latter were important in preparation of
poles, piling, bridge timbers by removal of “sapwood”.  Sleeper cutting methods, and
sources, changed.
8.2.ii.i Role of “Taper” in Non-utilisation of Sapwood.
Conventionally, sapwood occurs in outer layers of a tree  and it possesses different
properties to heartwood.   When estimating the resultant availability of sapwood in  a log,
or for a “round” section in timber, many workers made insufficient allowance for log
“Taper”, defined as a decrease in diameter  of a log from “Butt” (ground end) to the “top”
or “Head”.  It results in higher percentages of a top cross-section  being present as sapwood.
Kozlowski (1971, pp. 12-14)  discusses the typical distribution, and shows normal taper of
a stem. The depth of sapwood may be a function of species  and growth. Typical patterns
exists in open forest species, but are  less uniform in rainforest timbers. Modern high speed
sawing practice, operating by cutting  parallel to a line perpendicular to  ends of a log, is
affected   by taper to give variable sapwood distribution in boards. In many open forest
species, such as eucalypts, the sapwood percentage  decreases with tree age and girth. That
does not apply to the same degree in rainforest species.
Variations are excellently shown by comparison of timber  from three blackbutt, E.
pilularis, stands.
a. Virgin stands, averaging about 5m centre girth from  the Blackall Range, at
Mapleton, about 150 km north of  Brisbane.
b. High quality plantation material, about 3m in centre  girth from Casino, N.S.W.
c. Small girth, (about 1m centre girth), regeneration  stands at Belthorpe, about 60 km
north of Brisbane.
This last material had over 15mm of sapwood, was of good form, was readily treated,
but contained tension wood resulting in severe splitting (Plate 11, Chapter 15).
8.2.ii.ii. Pollution Aspects.
Table 9 shows the high volumes of log and sawn timber  affected by sapwood. Non-
utilisation of the sapwood, of  itself, accentuates problems of pollution. Where logs  were
brought to sawmills, sapwood rejection meant lower  recoveries of sawn timber, resulting
in larger volumes  of “off-cuts”, sawdust, and “shorts”. These were burnt in incinerators,
or “ground-pits”, with an alternative use  in filling low lying sites. For the latter, leaching
and decomposition resulted in the  transfer of extractives and decomposition products to
local streams; spontaneous combustion presented fire  risks in sawdust heaps.  Where  wood
waste is burned, heavy smoke pollution and unburnt  carbonised particles are present in
local atmospheres.
8.3. Timber “Lore”.
Industry changes (Chapters 1 and 2) were described, which included the  importance
of “on- site” liason. A major consequence of  that practice (Chapter 3) was an opportunity
to evaluate the  wealth of unwritten “timber lore”, as developed through  several generations
of experience, with some applicable  to topics of this Chapter. As stressed in Chapter 3,
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much unverified material was discarded, but other data provided important information for
the writer’s work.
8.4. Measurement of Wood pH values.
A pH value is common in discussion of wood properties, especially  in areas such as
corrosion and preservation. However, the author found a position similar to soils, eg. pH,
or phosphate, was applicable for pH measurements on wood. Briefly, measurement of this
value on extracts, by a pH meter, gives  results heavily influenced by water soluble
extractives.   They relate to whether these  are extracted by “cold” or “hot” water techniques
and, unless standardised, do not show good repeatability between  specimens (or sources)
for an accurate measurement.   Conversely, direct pH measurements on wood by indicator
solutions are dependent on the indicator solvent.
Where a  wood specimen is difficult to wet (cf. Appendix 15), an indicator in  alcoholic
solvent is more effective than tests using an aqueous solution.   The writer found most
consistent results were given  by initial “insitu” tests with “Universal Indicator”. If closer
values were needed, an indicator suitable for ranges as predicted by universal indicator was
used.
8.5. Terminology of Classification of Forest Types.
Earlier, the writer indicated terminology illustrated  his role (Chapter 1) as a
“translator” for industry.    In Chapter 12, the author describes a system developed for
classification  of species in terms of principally physical, structural (particularly “macro
structural”) properties into groups, each increasing from previous  ones in terms of the level
of treatability by initially an  open tank process, but extended to other preservation  systems.
Preservation processes, the associated terms,  and operational practices, are summarised in
Appendix 14.
Subsequent research, based on his own findings for an  initial classification (Cokley,
1951a), led the author  to application of, particularly, Swain’s Index (1927) to  confirm his
own groupings. Swain (1928) issued the “Timbers and  Forest Products of Queensland”.
Dadswell et al (1932, 1934,  1935) described numbers of species in terms of properties and
semi-microscopic structure, with systems  of identification. These works were applied by
the writer,  but at levels other than the plant operator.
In Chapter 2, the writer indicated assumptions on the  ability of  operators  at the
treatment plant, or  other industry environments, to  competently, and  legally, identify
timbers, in terms of the listing in the Acts (T.U.P.A., 1949), with a full schedule of
susceptible  species. He pointed out that position did not apply.
It was, however, necessary for the author to ensure that a  scientifically acceptable
species classification was  used, one which was understandable to, or could be used by,
industry, and was  acceptable to the Department. The classification could  be used
administratively, but must be in a format suitable  for translating of the species treatability
classifications to plant operators.
8.5.i. Nomenclature.
8.5.i.i. The classical nomenclature, eg. wet, or dry, sclerophyll,  or rainforest, was
comprehensively reviewed by Webb  (1956) particularly in rainforest species. Swain
(1928)  similarly examined and described the forest groups, but   industry did not use
classical botanical grouping, and  had adopted a classification based on timber properties.
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That was;-
8.5.i.i.(a). “Hardwoods”, represented by Eucalyptus spp.  and brush box, Tristania
conferta. However this  includes such as tulip oaks, Argyrodendron spp.  All species are
difficult to “work”, with good physical properties, are used  for structural purposes, are of
medium to high density.  They included all botanical angiosperm groups.
8.5.i.i.(b). “Softwoods”, represented species of low to medium  density, were readily
“worked”, and used for such as cabinet  timbers. They included cross-sections of all of the
botanical  classes, and species correctly classed as softwoods, namely the gymnosperms.
8.5.i.ii. It was a major, and unsuccessful, exercise to induce industry to adopt botanical
classifications. There were corresponding good  reasons, in terms of species, not to
compound the confusion, by an acceptance of the industry practice. Due to reasons, cited
in introducing this topic, and which were important in classification of sapwood for
treatment, the writer adopted  what may be termed a “compromise”, which the industry had
generally accepted, and was as stated below. That was;-
A. Open Forest Species.
For industry and classification (see Table 10) purposes,  it was adequate to combine
both “Dry” and “Wet” Forest  (author’s terms, next below) under a term, “Open Forest”.
This combined;
i.   Dry Forest, equivalent to dry sclerophyll.
ii. Wet Forest, equivalent to Eucalyptus spp., but including timber species (such as
brush box, Tristania conferta), classified as wet sclerophylls.
B.   Rain Forest.
C.   Softwoods (or Pines), representing gymnosperms.
Technical criticisms may be advanced on the writer’s sub-groupings,  but his aim was
achieved of removing a major confusion in the industry with  which he was associated. It
broadly agreed  with a general classification used for sawmill licence  returns by the Forestry
Department, and these groups are used in this context in the thesis.
8.5.ii.i. Open Forest Groups. (cf. Section 8.7 - “Outer Heartwood”).
There are significant difference between Open Forest  and Rain Forest species. For
Open Forest groups, significant physio-chemical differences occur in the  properties from
sapwood to heartwood. Sharp colour changes occur between sapwood and heartwood.
Species of these groups, other  than eucalypts, have been noted to have very similar
sapwood separations.  Differences for Open Forest groups include  extractive  content,
wettability (Appendix 15) and pH. In these species, eucalypt heartwood has a low pH (2.0-
4.0), but wet sclerophylls generally have heartwood pH values  at the higher end of this
range.  The  sapwood is about 2 pH units higher (pH 4.5-6.5). The pH (sapwood)  changes
are important in applications of multi-purpose  preservatives (typified by CCA salts).
This change also enables pH indicators, such as  dimethyl yellow (Bamber, 1964), to
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be used as a  reasonable basis of differentiation in treatability by multisalts of the different
zones in these species. It is emphasised that colour changes of pH indicators are ineffective
in identification of sapwood after a preservative, or  oil, treatment, but some indicators
frequently assist to  demarcate a boundary of water soluble preservatives.
Supplementary tests (other than starch) for presence of polyphenols and  measurement
of resistance to fluid flow, have enabled  reasonable differentiation, in preliminary research,
of the sapwood and heartwood zones. For most Open Forest species, the writer has utilised
a  wide band ultra-violet lamp (360 +/- 100 nm) with major  advantages (Chattaway, 1952)
in heartwood definition, particularly when used in conjunction with indicators.  Its use was
an important adjunct to his work, including   aspects of preservative penetration, of wood
chemistry,  as well as surface finishes.
There is a relationship between sapwood volume and the  starch depth, which increases
inversely with girth and  which is dependent on edaphic or climatic conditions.  Data for four
eucalypt (poles) species are shown in Table 11 and in Graph 6. There  was a general
minimum radial sapwood depth of 13mm found in  each of the four species. The distribution
curve for spotted gum is not as uniform as the other three species, and is dependent on
source.
TABLE 11
Relationship of centre girth to sapwood depth
in four Eucalypt pole species (regrowth) (1)
species no. c.g. (m) sap. depth (mm)
max. min. max. min. av.(a)
E.maculata 20 1.346 0.724 35 13 20
(spotted gum)
E. drepanophylla 20 1.181 0.686 20 13 16
(grey ironbark)
E. sideroxylon 20 1.041 0.686 32 13 16
(red ironbark)
E. moluccana 20 1.181 0.673 22 13 17
(grey box)
note:
(a) sapwood based on starch, confirmed by dimethyl yellow indicator.
(1) general origin Grafton, New South Wales.
Data from near Brisbane sources, except some areas near Gatton (west of Brisbane), gave similar
values.
Similar data was found for open forest sawmill logs, although for some areas, eg.
Moura (Central Queensland), E. maculata  sapwood attains a radial depth of 50mm in a 2m
girth log. To compare sapwood type from normal logging areas where  girth class is now
smaller, material was examined from  the Blackdown Tableland, one of the few virgin
stands  then left in Queensland.
Logs of Blackdown stringbark, Eucalyptus  sphaerocarpa, L.Johnston et D. Blaxell,
gave average girths of 3-4m,  but had typical sapwood radial depths of  the order of 13mm
to 25mm plus. Conversely pole material from the Evelyn Tableland (part  of the drier
western area of the Atherton Tableland) had consistently low sapwood average radial
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depths of 5-6mm.
8.5.ii.ii. Rain Forest Species. (cf. “Intermediate or Transition  Wood”, Section 8.7.).
In Rain Forest timbers, except for a limited number of  species such as black bean,
Castanospermum australe,  northern silky oak, Cardwellia sublimis, the colour  differen-
tiation between the heartwood and sapwood zones is unreliable. The normal species tend
to change over a band, or region, rather than by sharp delineation. A gradual transition
occurs from the sapwood through a zone  termed “Intermediate or Transition Wood” to
heartwood.
Changes in pH are insignificant. They are in a general  range of pH 4.5 - 6.5. This
renders the use of indicators  inapplicable. Maximum utilisation is made of ultraviolet
fluorescence, generally under laboratory conditions only.  Site/species relationships
(edaphic) may alter this.  Northern silky oak, Cardwellia sublimis, ex the Cardwell  Range
(North Queensland), has a heartwood pH range often less  than pH 3.0, but this is atypical
for the species.    Frequently non-concentric zones of included heartwood can  (Chattaway,
1952) occur in the sapwood areas. Converse  occurrence (Kozlowski, 1971) of pockets of
included sapwood is  found in the heartwood zones. Both inclusion types occur in   yellow
walnut, Beilschmiedia bancroftii
included,  pockets which present component distribution  problems (Plate 6, Chapter 15)
for multisalt (CCA) use.
Complete sapwood species such as white cheesewood,  Alstonia scholaris, occur.
Examples of sapwood dimensions and variations, based on positive starch tests, are
shown (Graph 7), illustrating an imported, a North  Queensland, and a South Queensland
species. Yellow carabeen shows source effects. Logs of this species from Mt. Mistake,
(south west of Brisbane), differ from material from Richmond River  (N.S.W.) areas.
Further quantitative studies (cf. Section 8.6), which includes the evidence on  which Graph
7 is based, are detailed in a discussion  of sapwood radial measurements (by starch) for a
range of species.
Based on Chattaway’s earlier definition, practicable  differentiation in rainforest
groups is made on the  presence, or the absence, of “carbohydrate” extractives.   De los
Santos (1963) cites tests on tropical species  with comparative data, inclusive of Fehling’s
test and  Benedict’s solution, but commented variable results had occurred between
species. Air dried material reacted differently to  “green”. This author used Benedict`s
solution in his  laboratory studies on starch and sugars (Chapter 6), but  tests for the latter
were impracticable for a general  industry application.
Starch is used as a general test (Chapters 2 and 4), but, other than  as tests (T.U.P.A.,
1949) against Lyctus, presence of any water  soluble “carbohydrate” extractive (Chapter 6)
may be assumed as indicating sapwood. In such tests, a structural, or by-product, carbohy-
drate must be differentiated  from true extractives (Buchanan, 1963), or extractives eg.
nutrients, such as starch, or simple sugars. This last type of test (based on sugars) is usually
carried out only under laboratory conditions.
8.5.ii.iii. Softwoods.
In indigenous gymnosperms
growth and girth. Compression  wood, eccentric “hearts”, soil conditions, may influence
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assessment, such as in hoop pine, Araucaria cunninghamii,  material from the Pinnacle area
near Mackay. Growing on  very steep southern slopes of the Clarke Range (700-1000m
elevation),  this material is difficult to assess and process. Hardness is about  twice that of
normal hoop pine, and, for most use properties, it is  different in performance.  However
virgin hoop pine from the Goodnight Scrub area, near  Bundaberg, does not exhibit such
properties, but is harder  than the plantation hoop pine from eg. Many Peaks (north east of
Monto, Coastal Central Queensland). A  contrast is shown to indigenous material by hoop
pine from plantations  at Many Peaks,  Yarraman (Brisbane Valley), Imbil in the Mary
Valley.  All exhibit excellant uniformity in both treatment and utilisation. A pathological
condition causes some virgin hoop pine,  termed “sinker pine” by the industry, to have a very
high  density value (often over 1000 kg/ m3).
Major differences were present in large  girth, mature logs of kauri pine,  Agathis
robusta, studied at Mareeba, North Queensland.  Measuring about 7m in centre girth,  they
were still available in the immediate post-war eras, and were used for particularly veneer
production. Much of that material was  harder than subsequent log production from
plantations at Gadgarra (Atherton Tableland).
Some exotic plantation species such as P. radiata,  have reliable colour differentiation
of the heartwood from the sapwood, associated with  chemical changes (Hemingway and
Hillis, 1971). Variation of preservative properties in slash pine, P. elliottii var. elliottii,
depends on age and site. A broad correlation exists  with taper and growth rings. Plantation
material from just north  of Brisbane differs from the same species from  the Gympie-
Maryborough areas and from Byfield near Rockhampton  as well as material south of
Brisbane; the last sources  (private) are younger than Forestry plantations.
Locally, Jermyn et al. (1961), as part of their research  studies on P.elliottii Engelm.
var.elliottii, examined  moisture content distribution through a series of stems.  Their work
was of major importance in utilisation of that  and of similar softwoods. Though those data
were based on  relatively young stems, with small heartwood percentages,  clear patterns
of an overlapping “conical” distribution  of moisture emerged. Sapwood is similar.
Kurth et al. (1931, 1932) examined ether extractives,   indicating variable results with
height, age and stem  spacing. Kurth (1933) reported studies in Longleaf and  Shortleaf Pine.
Stalker (1971) reviewed appropriate tests  to distinguish heartwood in pine. The above tests
gymnosperms.  It is appropriate
to indicate this writer’s interest in  the work by those authors lay in heavy exudation of oleo-
resins from locally grown  slash pine, which caused  severe problems in sapstain  control,
seasoning, gluing, and in treatments by water-borne multisalts.
Site variation effects on tests were  significant, and it is  suggested conditions,
Araucaria spp., may  be
involved for softwood plantations north of Brisbane.
8.6. Quantification of Sapwood Volume in Log Utilisation.
The possible utilisation of sapwood was economically  necessary in the sawmilling
and plywood industries.  This is illustrated by data in Table 9. It was first necessary,
particularly for the rainforest timbers,  to assess  and quantify sapwood occurrence and
volumes as a means  of measurement of the required treatment capacity,  and determination
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of  the most effective, and economic, commercial segregation practices which could be
used. With industry co-operation,  the author  began research  studies on the sapwood
(measured by presence of starch)  volume. A program was carried out in plymills (Table 12),
covered  a range of species, sources and girth classes (Cokley, 1951d, 1952a), with
objectives of assessing if;
(1) sapwood volumes could be related to species.
(2) whether species were economically classifiable into classes based on the consist-
ency of their sapwood depth.
If those aims were practicable and could be achieved, the plant operator  could
consequently reasonably estimate  the economic  feasibility of “sapwood” separation for
treatment  based on identification of species and source.   That would not (Chapter 2) require
formal identification of the species  by operators, but depended on a local, known
(taxonomically  reconciled) nomenclature practice. Studies were made at plymills for a
number of reasons.  They include avoidance of log “taper” as a significant factor,  access
to round log sections, ability to measure pre-treatment effects (Appendix 3), accuracy of
starch  measurement both in the log form, and with later access to 1.5mm (and thicker)
veneer.  It enabled a subsequent evaluation of post-peeling  processes, or practices, such as
seasoning, on starch.  As industry manufacturing production practices changed,  exempli-
fied by high speed, high temperature driers,  synthetic resin adhesives, and hot press
techniques,  further research evaluated their effects (Chapter 7). Much of the  data  cited in
Chapter 7, and Appendix 3,  were determined in similar  fashion.
The (as later expanded) studies involved North and South Queensland mills,  and
included a total of 545 logs of 29 indigenous and  imported species (Table 12). Subsequent
studies were made  in sawmill environments to test general applicability  of results, and
confirmed data derived from the research.  Also planned was examination of possible
relations with South Latitude for the values of, or characteristic penetration  of, wood starch.
Detailed results and starch classification of the study  are given (Appendix 13). Three
representative species are  shown in Graph 7.
Accepted procedure for starch testing of logs was to  cut “V” incisions by axe on log
ends at three points  around the girth to expose a radial section. Iodine/potassium iodide (I/
KI) solution (N/20) was then applied and the   radial depth of starch assessed and averaged.
To support, and verify, the procedure, a short disc (full diameter),  cut as full length
logs were sectioned to the peeler  lengths (1.82m [6ft.]), was selected for confirmation
studies.   Wheels were taken at each end of each peeler block, so that replicate discs were
available for each log processed.  These were tested on split radial sections and the disc
samples were returned to the laboratory for other tests. After peeling on the lathe,
continuous  tests were made on veneer of (mostly)  1.5 mm in thickness. Subsequent testing
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TABLE 12
Summary of sources of rain forest species tested
for starch penetration.
source group no. of total logs
species in group
Imported (1) 8 178
Nth. Queensland (2) 12 251
Sth. Queensland (3) 9 116
total 29 545
notes on source of group;
(1) Imported mainly from Malaysia and Indonesia.
(2) North Queensland —former Forestry Districts of Atherton (included the SubDistrict of Ingham)
and Mackay.
(3) South Queensland —general area of S.E. Queensland, former Forestry Districts Brisbane, Gympie,
but also inclusive of part of Warwick District, the Northern Rivers area of N.S.W. -Richmond, Tweed,
and Clarence River catchments.
This was one area where veracity (Section 8.3) of a “Timber lore” was  tested by the
writer. Some experienced lathe operators  claimed they could anticipate sapwood depth by
“peeling” characteristics of different species in the rotary lathe. Of importance, with
qualification that results were  very dependent on the operator and his experience, there was
evidence to justify the claimed ability to anticipate sapwood depth by characteristics on
“peeling”. Assessment of the characteristics in terms of species did  show, for experienced
operators, substantial agreement for depth of sapwood based on the starch tests. Included
in their assessment was quantity, or colouration,  of moisture (“sap”) present at the “pressure
bar” (set  in measured close proximity to the lathe knife, to put pressure on veneer as it is
cut from the log, and thus to prevent any splitting). Another indicator was the ease of
peeling,  confirmed by a measurement of power consumption of the lathe at changes in wood
hardness from sapwood. In spite of this evidence, after expansion of the veneer industry
highly experienced operators became fewer, and operators  were trained to assess starch to
determine sapwood depth. That method was standardised by industry.
8.6.i. Results.
All species tested could be classified into two groups:-
CLASS A:
Species of constant depth of starch, or a relatively low coefficient  of variation.
Where species showed there was consistently 100% of volume in sapwood,  or where
there was a distinctive colour differentiation between sapwood and heartwood, these were
included in Class A.
For this  class, there is a statistical mean, but coefficient of  variation (expressed as
percent) ranges up to 30.0% in  local rain forest species. Mean depth is applicable in
practice, but, on approaching that point, specific testing is used. A significant correlation
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was determined between sapwood volume, the mean radial depth of starch and log girth.
This was:-
S% = (3948 x/G) . (0.318 - x/G)            (8.1)
where  S% = per cent starch positive volume of total log volume.
x  = mean radial starch depth.                 G   =  centre girth.
note; original equation was developed in imperial units, viz. inches and superficial feet
hoppus (log volume).
Conversion Factors:  1 super foot hoppus = 0.003 m3; 1 inch = 25.4 mm.
CLASS B:
Where there was non-uniformity in starch depth, or marked variation in the  sapwood
range, and also non-significant colour differentiation,  species were graded Class B. In
these, entire production is treated.
Examination of Graph 7 shows, for certain  species, there are non-symmetrical
distribution curves  of starch depth. which did not occur with imported species. For northern
silky oak, Cardwellia sublimis
this may be related to site, or origin. Similarly yellow carabeen, Sloanea woollsii, shows a
typical peak at 167mm, but with a second peak (of total sapwood) at 320mm.
Results show no significant correlation between families or species and South
Latitude. Imported species generally have lower starch depths and higher girth classes.
North Queensland species do not vary significantly from South Queensland material except
in that the percentage of total starch positive sapwood depth is higher (but not significantly
so)  in the former. The writer concluded that soil, climate eg. rainfall, or ecological factors,
override any latitude effect.
These relationships, and class groupings,  were applied over a large range of both
plymills and sawmills and were found satisfactory. They enabled accurate estimation of
preservative treatment plant capacity required.
8.7. Significance of “Outer Heartwood” and “Transition Wood” in angiosperms.
Author’s notes:
a.  references to “transition” and  “intermediate” woods are made relative to rainforest
species. Though included with “outer heartwood”, the writer found in his extended research
into these phenomena, the first two are, in fact, synonomous to both of what Rudman [1959]
terms “inner sapwood” and “outer heartwood”.
b. Subsequent to introduction of “Immunisation” (anti-Lyctus treatments), sapwood
was utilised. No problems for these inner zones were  found when using simple boron salts,
especially with heat systems.  Sodium fluoride (Chapter 10) was not used for sawn timber
treatments and hence its penetration into this “outer heartwood” zone (see below) was not
known on a commercial scale.
In 1957, the first commercial vacuum pressure cylinder,  for pole treatments, was
established at Grafton N.S.W. Creosote oil was the preservative to treat principally
eucalypts, such as spotted gum,  Sapwood was visually assessed to recorded measurements
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not exceeding accuracy of 2-3mm. The position developed where a narrow pale band of
irregular contour, averaging 4-6mm in radial depth, and externally adjacent to the visual
heartwood, was not penetrated by the creosote. As all pale areas in “outer” zones of poles
were visually classified as “Sapwood”, and as no separate confirmatory tests, such as starch,
were used for purposes of pre-treatment assessment by the treater, or an inspector, of
Plant investigations, and increased treatment schedules, were ineffective. Viability, in
terms of economics and hardwood pole utilisation, was under threat, and the problem was
referred to the Division of Forest Products, CSIRO, for investigation and recommendations.
Rudman (1959) determined three specific zones viz:-
(1) Outer Sapwood          (2) Inner Sapwood
(3)  Outer Heartwood
Of these three, zones (1) and (2) were penetrable and also typically starch positive. The
third zone classified as “Outer Heartwood” was physiologically assessed as being charac-
teristically heartwood, but where the normal dark colouration had not occurred. It was
found to be more durable (Rudman, 1959) than normal sapwood and sufficiently close to
normal heartwood to be classified as that zone. Further studies showed “outer heartwood”
to be detectable  by use of dimethyl yellow pH indicator (Bamber, 1964).  If, as was
subsequently adopted, the wood pole was tested  prior to treatment, the indicator changed
at the “outer  heartwood” boundary to an orange-red colouration as compared to the
“sapwood” zones which turned yellow.
Subsequent to Rudman’s findings, the author studied the distribution and identifica-
tion of “Outer Heartwood” in a range of eucalypts and other timbers. Study was extended
to include a large number of rainforest species, and the writer established:-
(1) It occurs in all eucalypts from Queensland and from Northern New South Wales
areas, including large, mature logs, and with an average radial depth of 5-10mm.
(2) It is distinguishable by use of a portable U.V.lamp (peak 360nm) and, as dimethyl
yellow indicator increases fluorescence, a line of demarcation is definite, but is irregular.
(3) It occurs in wet sclerophylls and some rain forest species. In some species, typified
by rose mahogany, Dysoxylum fraseranum, its radial depth may increase to 10-15mm.
(4) In rainforest timbers (cf. author’s note above),  a zone  described by the industry
as a “Transition, or Intermediate Wood”, was proven equivalent to what Rudman differen-
tiated into the two zones below, and separate to, the “Outer Sapwood”. Importantly,
“Transition  Wood” in rainforest species,   is NOT detectable by pH indicators, and
ultraviolet effectiveness is variable with species and sample. In  most rainforest species,
trace starch concentrations have been found in these inner zones.
8.7.i. Penetration of “Outer Heartwood” and “Transition Wood” by Preservatives and
Liquids.
In all species, the author has found these zones to be penetrated by simple salt type
formulation such as boron salts using open tank processes, especially by the hot and cold
process, but were usually penetrated only by the arsenic component of copper-chrome-
arsenic (CCA) salts. Specifically, the copper component appeared  to be precipitated in the
vessels at an “inner sapwood” boundary with the “outer heartwood”, effects similar to those
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given by resin acids in heartwood, or wound (and pruning) tissues of softwoods such as
The “Outer Heartwood, or Transition” zones are readily penetrated by polar solvents
such as water and ethanol, by benzol, mineral turpentine, white spirits. Indicator, or dye,
solutions in ethanol are readily impregnated into these zones. Pentachlorophenol in light
organic solvents, such as solvent naphtha, will penetrate, but if in heavy solvents such as
distillate, no penetration is obtained. Evidence indicated chlorinated hydrocarbon emul-
sions do partially penetrate the “outer heartwood”.
The general evidence over a wide range of studies and species, and which had included
laboratory research and commercial applications, led the writer to conclude “penetrability”
of these zones was a function of solvent, and characteristics associated with chemical
“reactivity” (Section 8.xii) of either the solute, or component of such as creosote mixtures.
For liquids, the viscosity and the ease of wetting were factors.
8.8. Variability of liquid and preservative penetration within species and groups.
Variability is a consistent problem encountered in all of the applications of timber. If
it occurs in research on physical properties, adequate sampling will enable a valid mean of
the property to be determined.  However in industrial application of preservation, it  cannot
be dealt with on a similar basis to the physical properties. When variability was found, after
statistical sampling of a minimum of three charges (Chapters 3, 10), the writer amended
schedule grouping of material from the source. In consequence, many plants in reasonable
geographic proximity, frequently treated the same species by schedules differing from each
other.
8.8.i. Source effects.
In Chapter 3, the writer indicated variability of species occurred as a function of
source. He cited examples, described the research into quantification of these differences,
and stated extended discussions would take place in this Chapter on sapwood. These
differences from source effects caused major changes (Chapter 3) in preservative practices.
If undetected, they resulted in large variations of uptake (for both water and salt)  within  a
treatment charge.  However, when the original planning was proceeding for establishment
of preservation as an industry, studies of these variations were not considered by some
research groups to be warranted.
8.8.ii. Physical and Chemical properties of timbers.
In later parts of this Chapter, the writer discusses the importance of factors he found
affecting the penetration of waterborne preservatives, and they include physical as well as
chemical properties of timbers. In so doing, he introduces some reasons for considering
research into physical properties, such as density, as significant. He relates this (Chapters
12, 13, 14) to the paradigm of interlocked parameters of air content, moisture content, and
density,  which were related to structural properties for  treatment classifications, and a need
to allow for,  and to train a plant operator in, variations caused by those changes in timber
properties.
Detailed study, including microscopic, showed while the  anatomical arrangements
(and thus species identification) remained similar,  differences in vessel mean diameters,
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and frequency (typically count/ 20 mm2), and jointly defined by the writer as “Porosity”
(Chapter 12), values of distribution of maximum, and minimum  values about a mean were
significantly different. Anatomical variations in vessel, tracheid, and fibre, diameters are
documented in literature on wood structure and terms, such as “thick walled”, are
illustrative of this.
Differences in physicochemical data were also factors.  The research led the writer to
define a term “Reactivity” (Section 8.xii). He also describes  evidence suggesting that the
“Reactivity” of a timber is significant in preservative penetration and “fixation”, the latter
being examined in Chapter 12 in terms of wood structure and leachability of water-borne
multisalt preservatives.
8.8.ii.i. In discussion of softwoods examples of (Section  8.5.ii.iii) the variation were
cited relative to physical properties, and their reactions to preservative treatment were along
similar lines. However, for the important influence of this factor on treatment of hardwoods,
the writer feels it is advantageous to quote several specific examples of variability.
8.8.ii.i.i. The tulip oaks, Argyrodendron spp.  (refer Reactivity [Section 8.xii],
Wettability [Appendix 15]).
a. only red tulip oak, Argyrodendron peralatum, has a very distinctive colour
b. The other three species, including Mackay tulip oak, Argyrodendron actinophyllium
subsp. diversifolium, are extremely variable, and have no reliable differentiation in colour
for sapwood, are variable to treatment by CCA components (cf. Table 89, Chapter 15). They
contain up to 100% of log volume in starch positive timber. A zone (see   Section 8.7
“transition wood”), typically 100-150mm in radial depth, is present between the micro-
scopically classified heartwood, and the outer 50mm of “normal sapwood”, and is termed
“Intermediate Wood” by industry. It contains starch and is treatable by boron salts.  It was
desirable to discourage use by industry of the term, “Intermediate Wood”, due to possible
confusion with both the “Inner Sapwood” and the “Outer Heartwood” zones, but large parts
of industry  continued to do so.
Mackay tulip oak is distinctly different in properties, and seasoning characteristics,
from the other tulip oaks, and  is intermediate between the red tulip oak and blush tulip oak.
It is denser, is significantly more refractory to treatment, approaching Group 3 (Chapter 12)
in its treatability classification, and differs in  stability characteristics, to blush tulip oak and
red tulip oak.  Site variations are important.
Material from the Eungella Range exhibits characteristics of the Mackay tulip oak. A
later botanical study had confirmed it as a separate sub-species. However material on
forward slopes of the Clarke Range, near Proserpine, is similar to normal blush tulip oak.
Separation of the latter type from Mackay tulip oak appears as broadly on a line
perpendicular to the axis of the range, running near Cathu to the coast, and about midway
between Mackay and Proserpine.
Brown tulip oak, Argyrodendron trifiolatum, exhibits   large site differences. Material
from Wengenville, near  Yarraman, just north east of the Bunya Mountains, has density
differences of up to 25% over other sources of the species, except for two sites located in
the Kyogle and Alstonville areas, Northern Rivers, N.S.W. Material from sources closer to
Brisbane does not exhibit extreme broad ranges described.  All of the tulip oaks exhibit
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variable degrees of problems in wettability with aqueous solutions, but minimally by
8.8.ii.i.ii. Spotted gum, E. maculata, and E. citriodora.
Similar variabilitites may be described for spotted gum,  E.maculata, and E. citriodora,
but over a wider range  due to the distribution in terms of climate and sites. A possible
hybridisation (E. maculata with E.citriodora), appeared to occur in forests located in the
Dawson and Burnett river system basins. One large  variation is in the Gatton area, closely
followed by timber from the general area centred on Allies Creek, near Mundubbera, to a
line approximately to Theodore. It applies to the general central western areas to Emerald.
Very high quality stands are found at Arcadia, north west of Injune, near Roma, and over
to Wandoan. Vessel diameters and wettability vary in wide ranges.
As E. maculata moves to coastal areas, it shows a large  increase in wettability and ease
in treatability. In most coastal sites, physical properties such as hardness and density
change, typically as a reduction, but there are marked increases in sapwood depth. It was
the writer’s experience the changes, and ease of treatment, were more significant for coastal
sources in the Northern Rivers areas in New South Wales, and in Southern Queensland.
8.ix. Basic Factors in Application of Waterborne Salt Preservatives for, and their
Penetration into, Timber.
As the writer classified his extensive research data and co-ordinated significant factors
in preservation, he  found treatment processes, collectively and separately,  showed
dependence on timber properties. Provided certain minimum requirements of a process,
such as temperature, were present, or while there may be some differences in a sequential
rating for importance of factors (dependent on process), more significant changes in
treatment results  were caused by timber properties than were caused by the process. This
is demonstrated in further discussion and illustrates the importance of adequate identifica-
tion of sapwood in preservation and in timber utilisation.
Thus, though certain topics are expanded in later chapters, for example, wood density
and moisture contents suitable for treatments are examined in Chapters 12, 13 and 14, it is
appropriate the format, the philosophies and principles (Flow Chart 1, Chapter 12) by which
research, eg.  Section 8.ix.b., was co-ordinated, are discussed, and interrelated, as indicated
in this Chapter.
In Chapter 1, the writer has indicated a need for wider expansion of the preservation
industry and pointed out initial existing practices were not fully effective (Flow Chart 2,
Chapter 12) in establishment of preservation on a more flexible, and widely dispersed,
scale.   For all open tank processes (Appendix 14), the basic assumption was that the timber
undergoing treatment must be “green”, and thus above  fibre saturation point (FSP) in
moisture content, That requirement for treatment of “green” timber  played a large role in
non-expansion of the preservation industry. To maintain timber in a “green” state presented
degrade, and climatic, problems. Only primary processors, that is relatively large sawmillers
and plymillers, could operate under that requirement. A steam boiler with reserve capacity
was considered necessary.  Generally, secondary processors could not do so. All processes
were considered primarily dependent on “diffusion”. Cummins (1939), Gregory (1942),
and later Brimblecombe and Cook (1945) recognised the possible need to vary schedules
in terms of species, or thickness,  but all of those workers advocated high moisture contents
above FSP as being necessary.  
assumed FSP of 25% m.c.).
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“general schedule” (25mm thickness) was developed, using brown tulip oak, A. trifoliolatum,
as test species and was also based on “green” timber (viz.  above an
Bryan, (1946) and (Young, 1946c) each reported a “partial vacuum” may occur
(Chapter 12) during cooling cycles of hot and cold treatments. However both writers
stressed a need for timber moisture contents to be in the “green” state when water-borne
preservatives were used. This writer found a conflict between the requirements for “green”
timber  and those workers not recognising that a partial vacuum is based on de-aeration and
should be related (Chapter 12) to the “Void Volume”. Thus, for the “partial vacuum” to
occur, the “green” state must differ from the “saturation moisture content” (Chapter 7), and
hence a certain minimum of air content is present, which implies reduced moisture content
should increase “vacuum effects”. The discrepancy was one reason why this author
extensively researched (Chapters 12, 13, 14), the air content, moisture content, wood
density in timbers, and, importantly, the distribution of the air and moisture as functions of
structure between softwoods and hardwoods, and conditions for effective preservation.
Preservation processes are summarised in Appendix 14.
To accelerate preservation on effective principles, three urgent priorities (Chapter 1)
may be restated as;
8.ix.a. research into timbers with the aim of determining  significant properties
enabling the effective (including methods suitable for field applications) identification of
sapwoods, their “permeability”, their “penetrability”, and the criteria, including density, air
and moisture contents, affecting preservative treatments.
The need was, having examined and validated (Chapter 4) starch presence as a
principal index to sapwood, having examined species variability, including (Chapter 3)
distribution, to  extend areas of research into priority 8.ix. b.(below), i.e.  to the preservation
processes, and to ascertain separate investigational priorities in that phase. To nominate the
8.ix.b. identification of significant factors in, and the  fundamental principles applying
to, preservation.
Due to social conditions and economics, emphasis was initially on thermal processes
(Appendix 14), but there was a priority to examine (Cokley, 1948a,b, 1950a, 1965b)  ranges
in moisture contents suitable for treatment by  all processes, including those at ambient
temperatures, a relationship inextricably related to topic 8.ix.a. With adoption of vacuum/
pressure systems, similar needs arose. Research on one aspect applied to the other.
8.ix.c. carry out research into alternative preservatives and so eliminate restrictions
(Chapter 10) posed by boric acid and sodium fluoride on plant construction and in the use
of fungicides. These restrictions are not further examined here, other than in discussions on
“reactivity”.
Author’s note; The factor of “wettability” (Appendix 15) is shown  as being important
in all treatments. One very prominent reason for research into, and adoption of, the sodium
borate family, and study of their effectiveness in treatments as a function of solution pH,
related to this phenomenon. Borax, using especially thermal processes, markedly reduced
that problem.
8.x. Significant Factors in Preservation Practices.
Success here was directly dependent on establishment of a series of separate, but inter-
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related, priorities. As evidence (Table 10) demonstrated that presence of starch was not the
only factor in penetration of water-borne salts, successful extension and operation of timber
preservation required a further test for sapwood which necessarily must be  supplementary
to a starch test. Progress was subject to development of at least one test, based on physical
means, to prove a timber sample under study was sapwood. The author, by using
Chattaway’s  definition (other than that of “living cells”) of sapwood,  nominating
“permeability” (Section 8.2.A.ii.) as a property, made judgements on both grounds, namely
starch, and “permeability” of a sample to principally liquids (solvents), but also on
“penetrability” (Section 8.x.i.) for solutions. Small block tests, effectively eliminating
other treatment factors, were used when other test evidence was inconclusive. Studies on
“included heartwood” in yellow walnut, Beilschmiedia bancroftii, used small blocks in
research.
Experimental evidence confirmed that if a timber zone was not penetrable by a hot and
cold treatment using borax, supplementary laboratory small block studies confirmed it as
being effectively “nonpenetrable” by aqueous solutions and solutes.
Variations, using water and salt solutions,  were found for water, and salt, absorptions
between heartwood and sapwood. They showed need for clarity in differentiation of
techniques to measure variable distribution of, and in the terminology [Sections 8.1.ii (g),
8.2.i, and Chapter 12] relating to, gases, liquids and solutes, particularly in use of the terms
“permeability” and “penetratibility”.
8.x.i. The terms “permeability” and “penetrability”, both of which separately refer to
movement of a gas, a liquid, a solution and solute, applied to preservation processes for
hardwoods, required more specific definitions than given in literature [cf. Sections 8.1.ii
(g), 8.2.A.ii.]. They are suitably defined, and differentiated, as below;
“Permeability” is the “movement of a gas, or a liquid, through wood such that access
is to all tissues, and this access is not restricted to specific sites or pathways”. Movement
may be inclusive of through what is defined by the writer (Chapter 12) as, “Effective
Orifices”, which, in this context may be described as “microducts”.
“Penetrability” is “access, generally by liquids, such as solutions, which is by
restricted  movement “routes”, and which is dependent on possible reactions with wood
constituents, or on physical factors, eg. semi-permeable membranes”. The “routes” (cf.
“pathways”, next below) may be described  as “macroducts” compared to the “effective
orifices”, or “microducts”.
The writer utilised a further term “pathway” to indicate that “routes” for the movement
(Section 12.4, Chapter 12) by “permeation” of gases, or solvents, (cf. general use of term
“pathway”, Chapter 14) may differ from  those for “penetration” by solutions and solutes.
This variation in “pathways” may be associated with (mainly) structural differences
between softwoods and hardwoods.
By this definition, solutes in a solution, or liquids of high viscosities, depend on
“penetration pathways” (which include access by  solutions, through normal pits, into
softwood tracheids) into specimens,  and may also be restricted (Chapter 12) to specific
“sites of deposition” in the timber. The sites may also vary between softwoods and
hardwoods.
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Extensive literature (Preston, 1959),  on penetration of preservatives in, especially,
softwoods, and (Skene, 1965) later data for hardwoods (cf. Chapter 12) confirmed (for
sapwood) that;
a. for gymnosperms, penetration, dependent on the pit openings, occurs in all tracheids
and rays.
b. for angiosperms, water penetration (from the solution) is possible into all tissues.
These support the conclusions (Chapter 12) that access of the solute is essentially (cf.
“pathways”) restricted to vessel lumina, and ray tissue. This implies (Chapter 12) that there
is solvent access into fibres (and cell walls) by diffusion (“permeation”), and solution
longitudinal movement from one vessel is dependent on the perforation plates for progress
to a second vessel, and on pits for access to the rays. Typical published general dimensions
for wood tissues are given in Table 13. In the hardwoods, capillary flow of liquid through
vessels, and rays, is subsequently described (Chapter 12) as a factor in an  initial water
absorption when the timber is treated below fibre saturation point at ambient conditions.
Water then permeates through all tissues. Salt diffusion can take place (Section 8.x.iii.)
through vessel and ray cavities when the state of “free moisture” is attained.
8.x.i.i. Many studies in timber, eg. the “void volume”,  equivalent “moisture content”
at measured “void volume”, or change from “saturation moisture content”, appeared to
place more emphasis on flow mechanisms of gases and liquids (cited in this work as
particularly solvents, eg. water) under a pressure differential, and base the  flow calculations
on such as Poiseuille’s equation (Chapters 12, 14). Those conditions apply principally to
a “duct”, and for this purpose, to the cell cavity, or pit orifice.
The writer associates the term -”Permeability”- with the movement of gases and
liquids (solvents) into all tissues, including cell walls. For liquids, it depends on properties
such as “ease of wetting”, polarity, and viscosity. As examined (Section 14.4.3.i.ii.a.ii, and
sub-sections, Chapter 14), the writer defines total air as “Contained Air”, with three sub-
divisions including the “embedded air” and “dissolved air”.
The significance of these premises lies in the means by which the air moves into, or
out of, the cell walls, or is displaced by water. As water displaces the air, swelling of a
specimen takes place from below, up to, but not above, FSP. The writer suggests the term
“embedded” may be also applied to the possible distribution of water within cell walls, such
that not all of that water exists as “combined or bound”, and some may only be physically
“embedded” within interstices of the wall matrix. Deduced relative levels of significance
of structural elements (Stamm, 1964) in diffusion, and possible paths for drying at varying
swollen specific gravities, are given (Table 14). Seasoning is a movement of both liquid,
and vapour, phases of water from wood, but similar ratios may occur for penetration
(“permeation”) of water from a solution into tissues.
As stated below, water permeates heartwood in both liquid and vapour phases, but at
much slower rates relative to  sapwood. Some mobile salts (eg. sodium chloride) can also
penetrate parts of that zone (cf. sites of distribution, Chapter 12) at very slow rates, at low
concentrations, and must not be “reactive” (Section 8.xii) with wood contents. Resistance
to, or the absence of, solution (or solute) “penetration” through a specimen is a guide to
differences between sapwood to heartwood.
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8.x.i.ii. Based on extensive research on preservation, the author proposes to show
common factors  applying in timber treatment by water-borne preservatives.  For this, the
author has classified, and rationalised, all processes (Appendix 14) into three basic systems
of increasing complexities. They are;-
(a) The Diffusion Systems, nominally the simplest.
(b) Thermal systems, involving other than only (a).
(c) Vacuum-pressure (“full-cell”) systems.
The hypotheses are exemplified by detailed examination of the “Diffusion” system, its
processes and variables, so illustrating controlling, significant research factors, which
became priorities in programs by the writer. For the other two systems, equivalent factors
will be cited, and a composite assembled for all systems.
Table 13
Relative percentages of wood elements and average
dimensions (1)
cell type percent/ volume and size (2)
angiosperms gymnosperms
vessels
% of volume 36.06 (11.6-55.6) -
av. length(mm) 0.653 (0.22-1.32) -
fibres
% of volume 48.92 (26.8-69.4) -
av. length(mm) 1.376 (0.8-1.9) -
av. diameter 25.19 (12.0-40.0) -
(microns)
rays
% of volume 13.19 (6.1-20.0) 7.05 (5.0-10.0)
par.(a)
% of volume -   (0.0- 7.0) <1.0
resin canals
% of volume - 0.39 (0.1-0.7)
tracheids
% of volume - 92.53 (89.0-94.8)
av. length mm - 4.26 (3.0-6.1)
(b) av. diameter - 36.47 (25.0-65.0)
(microns)
notes;
(1) data derived from Browning (1963, pp 24-42) 
(2) range shown in brackets.
(a) par. = longitudinal parenchyma.
(b) tangential diameter.
Many factors within, or for different, processes were superficially separate, but
interrelation of their common principles and general aspects enabled the development of
overall research programs. In subsequent chapters, the writer indicates (eg. Chapters 10. 12,
13, 14) their applications to general, and specific, problems which required solutions.
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8.x.a. Diffusion.   “Diffusion” is seemingly the most basic process system,  but
examination shows presence of factors, additional  to the system, and it is used as the
detailed example in this analysis.
8.x.a.i. While theories on diffusion are well documented, it is preferable to restate
some aspects most applicable  to the preservation of timber. Theoretically, diffusion is
movement of a soluble ion, or solute, from a zone of high concentration to one of lower
concentration. For these discussions, a “solute” refers to dissociated ions as well as
dissolved salts, and that concentration is dependent not only on degree of dissociation in
solvent (water), but also (cf. “Reactivity”, Section 8.xii) on its state in the wood matrix.
Common in diffusion processes, for salt mixtures, and for  differing ionic mobilities,  as well
as being  dependent on the degree of dissociation,  the term “solute” applies to each ionic
component. Similarly though the water phase (termed “sap”) in especially sapwood does
contain dissolved compounds, including nutrients, in these discussions it is assumed to be
“water”.
Author’s note; Due to problems in treatment of some products, or species, (hazards
additional to Lyctus with emphasis on termites were present, or when leaching was a factor),
the author initiated studies into emulsion-based preservatives, but  found only two (aldrin
and dieldrin) emulsions were sufficiently stable. Particle size uniformity and the lack of
significant interparticle charge were such that aggregation, and/or precipitation, did not
occur. Other emulsions tested were unstable and ineffective. For this topic, significance lies
in the writer’s findings that, due to their stability, both products performed similarly to a
solute in a solution, and were used in research and industry applications.
8.x.a.ii. Rate of diffusion is dependent on concentration  and mobility of a solute, using
the latter in the general context as  defined above. At any point, a concentration  gradient
exists. Put alternatively, for effective  solute diffusion, a “concentration differential” exists,
which is redefined as a “(solute) diffusion  differential”. That redefinition stresses it is not
only a function of  solute  concentration differences to a treating solution, but depends on
gradient levels of solutes between surface (or external solution) concentration and depth in
wood.
Table 14
Relative percentage of diffusion through each of three
possible paths in drying of wood at varying swollen
volume specific gravity at 50 o C. (1)
swollen per cent diffusion occurring through;
volume fibre cavity fibre cavity cell
specific /cell wall / pit (b) wall
gravity. (a) combination (c)
0.2 95 4.2 0.8
0.4 86 10.1 3.9
0.8 55 22.2 22.8
(a),(b),(c) termed respectively Type I, Type 2, Type 3.
(1) Initial reference (Stamm, 1964, pp.438-439) also applies to later discussion.
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When the “diffusion differential”, and solute mobility, are high, the corresponding
diffusion rates increase. Thus, in diffusion, the aim was a high concentration of one, or more,
highly mobile solutes. That was achieved by either an increase of temperature, or the use
of a high concentration “mixed formulation” of mobile salts for treatment.
8.x.a.iii. Solute movement through a membrane to a volume of the same solvent (lower
in solute concentration), is dependent on whether the membrane is “permeable”, or is “semi-
permeable”. Wood tissue walls are  considered to be “semi-permeable” membranes only.
For the angiosperms, water migrates (“permeates”) through all tissues, including by
the “microducts”, but solutes have access (Chapter 12) only through “macroduct” systems,
specifically only by vessel lumina and radial tissues. Diffusion proceeds by solute moving
through a  free liquid phase in these tissues, which, especially for vessels, means, as the
progressive solute concentration gradients (and diffusion differentials) fall, rates of solute
diffusion decrease. Due to the change in free moisture caused by gradients (Chapter 7), this
results in the decrease of effective preservative concentration levels with increase in depth
in a section.
Continuous free water is necessary for diffusion. If the pathway, eg. vessel lumen, is
not in a moisture content state of containing free water, the author found an initial liquid
uptake occurred and this was shown to be (Chapter 12) due to a capillary flow. Three
important aspects related to moisture content and diffusion arose from his findings, namely;
8.x.a.iii.a. For free moisture to be present in a vessel lumen, material must, by
definition (cf. Chapter 7), be above fibre saturation point, FSP. In this condition, free
moisture must be present in the fibres. Thus, above FSP, but below “Saturation Moisture”
values (Chapters 7, 12), water flow, and diffusion (“permeation”), must take place from
fibres to  vessels (and rays). Conversely, for lower wood  moisture contents at, or below,
FSP, when the vessels contain penetrated liquid (water or solution) by capillary flow (for
other processes, impregnation under either thermal, or applied, pressures) an increase in the
“cross-sectional moisture content”, which was found, and demonstrated, must be associ-
ated with water movement from vessels (and rays) through walls, and flow through pits to
fibres, including the interfibre walls. It is in this area, the writer considers data in Table 14
applicable. It was concluded progressive changes in preservative concentrations with  depth
of section, may be functions of the rates of water flow through pits and of diffusion
(“permeation”) rates of water through cell walls.
8.x.a.iii.b. As the sapwood vessel lumina are relatively unobstructed, and do not  have
significant incrustations on the walls, this flow rate (Section 8.x.a.iii.a.) is one important
difference to heartwood. The vessel lumen, or ray, may be artificially obstructed by the
precipitation of a solute, or if the solute is complexed on a vessel (or ray) wall.
8.x.a.iii.c. For most research projects, and industrial applications, cross-sectional,
moisture content values of a specimen are used. This masks effects of the moisture gradient
(Chapter 7), where, for a cross-sectional value at, or below, FSP,  outer, and end, zones are
generally lower in moisture content, and can fall significantly below FSP, at which point
diffusion should not occur, but  capillary flow mechanisms are involved in liquid uptake.
At greater depths in a section, exemplified by a 25mm thickness board, internal moistures
are higher and can approach, or exceed, FSP. For these higher zones, rate of water uptake
does decrease, but  the effective solute concentrations correspondingly, and, progressively,
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also  decrease. Equivalent diffusion rates fall with  thickness, so causing high salt gradients
from the outer layers to the inner.
8.x.a.iv. A Diffusion differential  is significantly increased by not only solute
concentration, but by temperature increase, and these function in two ways. The first allows
increase in diffusion, but the second (temperature) influences rates of diffusion through
wood, so increasing effective gradients and decreasing process time. These applications of
“diffusion differential” and “thermal diffusion” are in agreement with thermodynamic
principles discussed by De Groot (1963). Gregory (1942), Brimblecombe and Cook (1945)
emphasised these factors in sawn timbers, recognising effects on species. Elevated
temperatures are used in some “Dip Diffusions”, with especially a “Hot Maintenance” or
“Hot Immersion” system. The former applies to sawn timber. The latter refers to veneer
treatment, and was supplanted by the “Momentary Dip” (Plates 1, 2). Additional factors are
involved in the diffusion of wood preservatives into timber, namely;
i. ease of wetting by the solution (Appendix 15).
iii. permeability, and penetrability, of the timber.
iv. reactions between preservative and wood elements, and are examined (Section
8.xii.) under “Reactivity”.
8.x.a.v. Commercially two forms of diffusion apply to timber treatment. Process
details are nominated by the form in which diffusion takes place, and are;
8.x.a.v.a. Total immersion in treatment solution.
8.x.a.v.a.i. treatment at ambient temperature, termed the “Cold Soak” (Cokley, 1949).
It had been thought necessary for timber to be at high moisture contents (over FSP),
Studies (Cokley, 1948a) confirmed that requirement was not critical. Subject to ease of
wetting by the solution, the author (cf. Section  8.x.a.iii., and Chapter 12) determined
mechanisms were;
i. for timbers significantly above FSP, with adequate free water liquid phase in the
vessel, normal diffusion takes place.
ii. for material at, or below, fibre saturation point, an initial “capillary flow” of liquid
occurs, such that free water is then present. Subsequently the solute(s) does diffuse.
Adequate sapwood preservative retentions were obtained for especially simple, mobile
salts, a result confirmed over a wide range of species, thicknesses, and treatment operations
on a commercial basis.
8.x.a.v.a.ii. Total immersion in heated solution, usually at, or near, boiling point. This
system is termed “Hot Immersion” or “Hot Maintenance” treatment.
For types (a.i, a.ii), penetration is complete at the end of an immersion cycle. In these,
group schedules based on (Chapter 12) the macro structural properties of species,  and
dimensions, are used.
8.x.a.v.b. “Dip Diffusion” treatment at, or near, ambient temperature, is exemplified
by “Momentary Dip” or “Spray” for  veneers.
Tables 15, 16, show  typical local results for “Momentary Dip” for veneer operations.
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In Papua New Guinea (Levy et al, 1972), dip diffusion of sawn timbers operates at
ambient  temperatures and   uses patented formulations (Johanson, 1974).
8.x.a.v.b.i “Dip Diffusion” at elevated temperatures, using a high level of solution
concentration is widely  used, and employs mixed boron  salts (“Timbor”, Tables 17, 18)
for timber treatments in New Zealand.
Differences in treatment practices between Papua New Guinea and New Zealand are;
i.  Papua New Guinea treats using a patented multisalt preservative,  with a “general
schedule” for all timbers, with no  segregation of, particularly rainforest, species in terms
of the  sapwood, but specifications, (Levy et al., 1972) require a nominated preservative
penetration in both the sapwood and heartwood zones. Results cited by those  authors show
changes in formulation components, and variable preservative concentrations, occur with
depth in timber section.
Table 15
Variation of salt usage (kg/ 100 m2) of treated
veneer at two veneer mills, and mean plant usage (1)
mill usage standard coefficient
kg/100 m2 deviation of variation
(1)(2)           (3) (3)
1 0.707 0.166 23.4
2 (x) 1.741 0.380 21.8
mean 1.219
(all plants)
-
notes;
(1) based on actual usage of borax decahydrate.
(2) equivalent 1.5mm (1/16 ins.) veneer thickness.(standard production statistical measurement).
(x) differences in species density and thickness with a different solution concentration (refer Table 16).
Converted to 1.5mm standard as in (2)
(3) variation in usage based on the species and thickness, similar in all Queensland veneer plants.
ii. For New Zealand, treating basically one species,  namely radiata pine, P.radiata,
the requirements are  similar to States legislation. Results are consistent. In both types,
(8.x.a.v.b and b.i) wood is momentarily immersed in solution, or is  sprayed by the
preservative solution, and nominally with surface coverage by solution at the nominated
concentration to ensure a steep chemical gradient, or “diffusion differential”, exists,  and
with sufficient solute to theoretically ensure an adequate preservative penetration at
effective toxic levels. All timber is treated at high moisture contents and diffusion takes
place away from the plant.
The strong interest in the process (or modifications)  is shown by the number of
references on various aspects  of its use. Based on studies with boric acid and sodium
fluoride and using diffusion cells, Christensen (1947)  derived a formula applicable to
timbers. Harrow (1951, 1952), Tamblyn  (1956, 1958), Levy et al. (1972), reported on
varying topics.
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Table 16
Typical industry results in the Momentary Dip treatment of Queensland veneers.
species solution analysis (1)
conc. (1) core(*)
1.5mm 3mm(2)
Beilschmiedia 2.25 0.45 0.19
bancroftii
yellow walnut
mixed species 2.25 0.44 0.17
mixed species 3.00 1.18 0.55
notes;
(*) Core taken as inner 50% of thickness after surface planing (SAA  AS 060-1956). (1) Analyses and
solution concentrations as boric acid equivalent.
(2) veneer thickness.
Johanson (1958, 1963, 1974) developed formulae of high (ambient) concentration
multisalts. The Wood Technology Division of N.S.W. (1956), tested  high concentrations
of boron salts by the incorporation of “binding” agents. McQuire and Gaudie (1972) carried
out research on ways of ensuring accelerated solute penetration.
Local studies included Rees (1950), Bardsley (1962),  Cokley (1951b, 1957, 1960).
Additional research and pilot studies  were carried out over a range of preservatives,
climates,  species, and section thicknesses in sapwood. A commercial treatment plant (sawn
timbers) was approved (at Cooroy,  north of Brisbane) for mixed species but, for starch
positive sapwood (Chapter 2), variations in the preservative concentrations  both for
species and thickness, required a constant supervision by the author, and laboratory staff.
8.x.a.vi. For the general Diffusion systems, the author concludes basic factors
involved are;
a. wettability of the wood by the solution.
b. penetrability of the wood substrate, defined as ease of penetration of the solute in
adequate concentrations   to give protection against nominated hazards.
c. diffusion rate, and diffusion differential, of  solute through the timbers pathways, as
well as in solutions.
d. solute reactivity and stability (refer Section 8.xii, and Chapter 10).
e. wood structure.
f. moisture contents at which diffusion takes place.
g. thermal effects on diffusion, and which are separately  influenced by wood density
and moisture contents (cf. Chapter 13).
h. solution concentration, its viscosity and mobility.
8.xi. Application of Factors to other Systems.
For these systems, grouped as below, similar analyses show relevant factors  to be;
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8.xi.i.Thermal Systems (for other than direct diffusion).
For these processes, original requirements for “green” timber, based on “Diffusion”
(cf. Section 8.ix) theories,  were shown not to be necessary (Chapter 12).
The principal mechanism involved creation of a “partial thermal vacuum” (induced by
increase and decrease in the temperature of the treating system, Chapters 12, 13, 14).
Absorption of solution, and the solute, depended on;
a. wettability of the wood.
b. thermal “diffusivity” into the timber (Chapter 13), resulting in expansion (Chapter
12) of contained air, and, in a later part of a cycle, with the timber fully immersed under
solution, reversal of the temperature gradient for cooling, and so resulting in the formation
of a partial vacuum. In this context, temperature changes produce thermal differentials,
c. de-aeration (Chapters 12, 14) of angiosperms applies  not only to vessels and rays,
but also requires air removal from fibre lumina and walls. That need applies to heartwood
sections (Section 8.xiii.) present in timber specimens, which occurs at slower rates than in
sapwood.
d. wood density (Appendix 27) and moisture content, which jointly influence thermal
properties, including thermal “diffusivity” (Chapter 13), and thermal differentials. They,
with structure, influence (Chapter 12) absorption into the timber, especially by water and
solutes, and, consequently, the absorption rate.
All other factors, as determined for Diffusion, including “Reactivity”, “penetration
pathways” and  the “deposition sites” of a preservative apply equally to these systems.
8.xi.ii. Vacuum Pressure (“full-cell”) systems.  Analysis of these show primary
differentials are the rate and effectiveness of initial de-aeration of the timber (Chapter 14),
and, as for thermal processes, they require the de-aeration of all tissues, including
heartwood.
For vacuum/pressure systems (and thermal vacuum systems), resistance to penetra-
tion of a preservative solution is caused by compression (Harrow, 1947) of any residual air
which had not been evacuated. Thus the controlling factor is residual air in the vessels,
fibres, and other wood elements. 
Volume” at moisture content of treatment, is a function of aerodynamics (Chapter 14) of
timber species, and of plants in which treatment takes place. For this system, timber is
treated (Appendix 14) as a “bundle” in a “block stack” condition. Uniform de-aeration, and
the complete access by solution, are factors. Block stacking can have a negative effect on
wettability.
A theoretical reverse requirement, to that for the Diffusion processes, was emphasis
for the vacuum pressure treatments to be applied to timber  (cf. Section 8.xi.i., thermal
systems)  with a moisture content below FSP. For local timbers, and climatic conditions
(Chapter 14), that need introduced problems requiring further research by the writer.
Arising from pre-treatment shrinkage at the lower (< FSP) moisture contents, an  initial
water uptake  expanded the wood restrained in bundles, and there was compression (by
strappings) of the timber, resulting in increase in resistance to penetration of solution. The
writer established (Chapters 12, 14) requirements for lower moisture contents (below FSP)
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was only partially correct for all timbers, and especially for angiosperms.
For this system, under Queensland climate, increase in wood surface temperatures (70o
+ C.) above ambient had  significant negative effects on “reactivity” (Section 8.xii) of
species and mulitsalts, on solution stability and penetration of multisalts. That was one
reason for approval of boron salts as preservatives for alternative end-uses when treatment
was by this process.
Other factors were similar to thermal processes, but with a lower emphasis on wood
density in terms of commercial treatment schedules (Chapter 14, Appendix 43), but with
greater emphasis on wood structure, particularly porosity measurements of species, and
related moisture contents.
8.xi.iii. General Factors and Conclusions- all Systems.
Using the above, and related data, the author coordinated factors for all systems.  When
that was done,  specific common major research topics were shown as;
8.xi.iii.i. “Wettability” (Appendix 15), “permeability”,  “penetrability” of, and “path-
ways” through, wood.
Though of prime importance, “wettability” is a function of species and is later
examined under “reactivity” (Section 8.xii).
8.xi.iii.ii. Thermodynamics of timbers, processes and plants.  Priority was due to
8.xi.iii.iii. wood density, which is discussed with items 8.xi.iii. ii, iv, v, vi.
8.xi.iii.iv. Wood moisture relationships, for a process, applicable to ranges of local
conditions and species. They are involved with density in study of “Void Volume” and
thermodynamics.
8.xi.iii.v. Wood structure, variabilities present, and classifications into scientifically
based ratings, or formulae (Chapters 12, 13, 14), and which were necessary for effective
treatment operations.
8.xi.iii.vi. Aerodynamics of timbers and plants.
8.xi.iii.vii. Optimum preservatives for local needs.
Supplementary, essential, needs for research, included effects of variations of
physicochemical factors within species caused by such as geoclimatic influences, and
development of plant, as well as laboratory, controls for treatment operations (process and
solution) and products. The final priority of factors is related to the process chosen.
In Queensland, these total needs were required to satisfy not only scientific standards,
but, additionally, to meet economic, conservation, and legal, requirements. While the work
is described by the writer under these separate topics, they were interrelated as research
programs.
For example, research on a substitution of boric acid by the borax family of salts was
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integral to geographic expansion of the industry, flexibility in plant designs and treatment
economics. Particularly sapstain control, which was essential for utilisation of tropical
species, either as a separate operation, or integrated with the  preservation treatments, was
determined by that change.
8.xii. Timber as a “Reactive” Medium.
As stated (cf. Introduction) timber is a physicochemical matrix, and, with respect to
interaction with chemicals (which applies to gases, liquids, solutions or solutes), should not
be considered as  “inert” or “non-reactive”. If that (incorrect) assumption is made, most of
the principles, and mechanisms, eg. in timber physics, in wood chemistry, or plant
physiology would be ignored. The special case of interactions by water with timbers is an
example. In terms of its  preservation by impregnation with solutions, or salts, the writer
suggests timber behaves as a “reactive” medium and not simply as an “inert micro/macro
duct” system.
“Reactivity” is defined, in this context, as “a chemical, or physicochemical, cause for
a timber to reject, to delay movement of, to react with, or to cause separation (cf.
“Chromatography”) of, the components of impregnating solutions into the solvent, here
emphasised as water, and a solute
mixed, or multisalt, formulation.
Similar to “factors” in penetration, the “reactivity” is heavily influenced by whether
a specimen is sapwood or heartwood. Though the latter is more reactive due to contents
typified by the poylphenols, the former has “reactive sites” more readily accessible and
available on the vessel (or ray) internal wall. As for other parts of this  research, sapwood
identification is important. It is in this definition  of “reactivity” that this writer separates
its importance from the terms (Sections 8.x.i, 8.x.i.i.) “permeability” or “penetratibility”,
which  are frequently interchanged in literature. Evidence (Section 8.xii.iv.) indicates that,
in addition, timber may be equated to a “chromatographic column”. This emerges in this
thesis in relation to distribution of preservatives, but inclusion here is justified as it goes a
long way in explaining why certain preservative formulations do not effectively give
protection against especially fungal hazards. This topic is divided into three  divisions,
which are;
8.xii.i.   Wettability (cf. Appendix 15).
8.xii.ii. and iii.  Chemical reactivity.
8.xii.iv. Chromatography.
For the last two, several examples will be cited in support of the writer’s hypotheses.
8.xii.i. “Wettability”. (cf. Appendix 15).
“Wettability” is both physical and chemical in origin, but, operationally, may be
defined as difficulty by aqueous solutions to “wet”, and to “penetrate”, timber, and is thus
classified as a special form of “reactivity”. The importance of this property rests in the fact,
that, irespective of the process used, unless a solution “wets”  the wood, no penetration,
including solutes, occurs.
This problem was attacked  in two ways, and the first, on which further research into
the phenomenon depended, was utilisation  (Appendix 15) of a test method to indicate its
presence, with modifications and expansions of the test to enable assessment of the severity
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of the problem as well as clarifying possible causes. It will be noted (Appendix 15) the
expanded tests include measurement, especially ambient, of temperatures to which a timber
is exposed, especially prior to treatment.  The second way was by research into conditions
which could alleviate, or eliminate, the problem, with emphasis on any physical and
chemical techniques applicable by industry.
These resulted in;-
8.xii.i.a. The problem was noted in ambient temperature treatments, and, for some
species, was aggravated by extended block stacking after sawing. Examples included
brown tulip oak, A. trifoliolatum, spotted gum, E. maculata, slash pine, P. elliottii.  Veneers
cut from many rainforest species were affected after peeling and then being block stacked.
8.xii.i.b. low surface moisture contents, including the condition (Chapter 7) of
“surface inactivation”, or “case hardening”, resulted in poor wettability. The author had
determined establishment of reverse moisture gradients (Chapter 7) by “reconditioning”
would help to alleviate the condition. A presteaming with “wet” steam (with post-steaming
storage to allow for total cooling and increase in surface moisture) was used to obtain a
satisfactory multisalt penetration in plywood and sawn slash pine, the latter being from the
Maryborough area.
8.xii.i.b.i. Based on the “reconditioning” results, it was possible that a similar, or
improved, effect would be given by a hot and cold treatment. The combination of a heating
cycle, while timber is immersed in a treatment solution, should, with time, increase the
wettability of timbers. When this was tested, the improved wettability, and improved
penetration, confirmed the theory. Solutions of boric acid, and of sodium fluoride, were
used in early studies.
8.xii.i.c. Based on previous extensive study on effects of pH in application of adhesives
(when the plywood industry changed to synthetic resins) the author extended “wettability”
research into effects on the condition from change in the solution pH and/or use of
surfactants. The results confirmed that, as for adhesives, acid solutions such as boric acid,
sodium fluoride, or CCA multisalts, were less effective in ameliorating “wetting” problems.
As the CCA multisalt solutions were more acid (values of about pH 2.0), their effect was
least.
Tests on solutions, approximately neutral in pH, such as mixtures of boric acid and
borax, were more effective than boric acid, and reduced the problem.  This effect was one
reason  for research (which led to use of borax) by the author into characteristics of the
sodium borate family of salts, of boric oxide and boric acid, and mixtures. The full family
of boron compounds used in timber preservation, and pH values of their solutions, are
shown (Table 17), with the relative effectiveness of penetration (compared to boric acid)
of two of the more commonly used ones shown in Table 18. “Timbor”, which was a
commercial mixture used in New Zealand, is included for comparison.
When these findings, especially use of alkaline boron salts, were combined with use
of surfactants,  they reduced problems of “wettability” to nonsignificant proportions for all
treatments at ambient temperatures (Appendix 14), which included vacuum pressure
processes. As indicated, thermal processes with alkaline boron salts removed any problems
in treatment. Preservatives, such as the CCA multisalts, were supplemented in processes at
ambient conditions, by the addition of low concentrations of non-ionic, non-foaming,
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surfactants. Satisfactory results were obtained.
8.xii.ii. Chemical Reactivity.
This is illustrated by two examples. Others will emerge in the thesis.
8.xii.ii.i. Performance of Boron Compounds.
The author has indicated a number of reasons for change  to borax (Cokley, 1948d).
Evidence in justification of that change is discussed in Chapters 10, 12. Consequent to that
development, it was suggested by some  workers that borax, being alkaline, would cause
an excessive  solution of wood extractives resulting in a possible need for early, and
frequent, replacement of treating solution, due to its excessive discolouration.
For all processes, the author proved that concentrations of the  extractives reached
equilibrium in the solution, and  corresponding discolouration did not exceed values  at that
equilibrium point. Importantly  the discolouration (multiple species) remained as surface
only, except for very thin  (< 1 mm) veneers, and over a range of timbers did not exceed about
2mm depth.
A sharp change occurred in the pH of samples treated with borax such that there was
a decrease from highly alkaline surface values (> pH 9.0) to one of normal sapwood values
(pH 4-6) below the surface.  The change occurred over less than the 3mm based on  gradient
section (Table 20) thickness, and was typically to 1mm in depth.
Additional confirmatory tests were made, for which  the application of solution was
by momentary dip, followed by “block stacking” for periods up to 24 hours. Thicknesses
of material from 1mm to 10mm were evaluated.
Penetration was from both faces (tested 25mm from edges to exclude edge effects).
Examination showed the affected depth (change in pH) to be a function of the solution
strength, block stack time, the surface to thickness ratio for thin sections which were
included, but depth of discolouration did not typically exceed 0.5 to 1mm. Other aspects are
examined in later topics (Chapters 10, 12), and only the  data to illustrate possible
8.xii.ii.i.i. The writer’s early research (Cokley, 1948d) including pilot plant, and
commercial, studies, examined relevant “penetrability” for solutions of borax  to boric acid.
Representative results (Table 19) are shown.
In these early studies, though subsequently (Chapter 10) all boron compounds were
estimated, and standardised, as the equivalent boric acid, equal concentrations of each
compound, namely boric acid and borax (Table 19), were used. Change to standard
concentrations (Chapters 10, 12) was made after assessing data from preliminary industry
adoption of the research.
If wood was not reactive, and as, in terms of equivalent boric acid, the borax solution
was only about 60% of the boric acid (theoretical ratio of 1.54, Table 17) then similar low
ratios should be found (as equivalent boric acid) in the treated timber, nor should sharp
changes in pH occur, as this implies reaction of timber components with sodium or borate
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ions.
TABLE 17
Compounds of boron used in timber preservation.
Trade or (a) stoichometric eq. mass soln.
Common % nomenclature to (1) pH
Name boric (b) boric
oxide acid.
Boric oxide 100 Boron trioxide 0.563 4-5
Boric Acid 56.3 ortho-boric acid 1.000 4-5
Borax 36.52 sodium 1:2 borate 1.542 9.2
decahydrate
Borax 46.0 sodium 1:2 borate 1.178 9.2
pentahydrate pentahydrate
Borax 69.2 sodium 1:2 borate 0.814 9.2
anhydrous
“Polybor” 66.2 sodium 1:4 borate 0.850 8.4
(2) (3) tetrahydrate
“Timbor” - sodium 1:4 borate 0.599 7.5
(2) (3)
Sodium (2) 58.98 sodium 1:5 borate 0.955 8.4
pentaborate decahydrate
sodium (4) NaBO3, 4H2O -used as oxidiser.
perborate (no equivalent formulation)
———————————————————————————
notes;-
(1) weight in kg. to give equivalent boric oxide as given by 1 kg. of ortho-boric acid.  (2) Trade name.
(3) Nominal formulation. Proprietary blend. Timbor used in N.Z. for Dip Diffusion. (a) Nominal
theoretical percentage based on salt manufacturer’s specification. (b) Based on Kemp’s (1956)
classification. showing ratio of sodium oxide to boric oxide.(4) oxidising properties used for solution
clarification and special purposes (bleaching) in veneer treatments.
If wood was reactive, changes in ionic concentrations and ratios, as well as the
increased  rate of “penetrability” of borax, which may occur, should mean a decrease in that
ratio of 1.54:1, when compared to boric acid treaments. Results (Table 19) showed
significant increase by borax in the equivalent “core” concentration (as boric acid), a result
confirmed by many years of industry use for all processes, and monitored under the Acts
(Chapter 2). The theoretical ratio did not apply, and borax (Table 17) usage ratio to boric
acid was shown not to be 1.54, but to be equal to 1.1, and, concurrently, there was a very
significant increase in relative penetration rate (Table 19) of the borax.
This difference in “core” retention would be explained if, when borax was used as
preservative, the borate ion (expressed as boric oxide) ratio to sodium ion, increased within
the timber. Based on these theories, the writer, using hot and cold treatments, further
examined the separate sodium, and borate, ion penetrations with depth into timbers. These
investigations confirmed earlier data (within constraints of then available techniques, and
instrumentation, for “semimicro” and “micro” analysis) on the significant changes in ionic
concentrations, and   showed an increase of boric oxide to sodium ratios. They also
confirmed  pH changes previously measured, and which occurred at very shallow depths
into timber. To prove the sharp changes in component ionic ratios and pH were not only
of thicknesses,
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function of thermal treatment processes, the initial studies were extended over wide ranges
solution concentrations, processes (which included “cold soak” [Appendix 14]), and
species.
Differences in results to boric acid  were in agreement with the writer’s theories and
were attributed to higher degree of dissociation of borax (and homologues), its alkaline pH,
increased ionic mobilities, and reactivity with timber.
Similar results were obtained for all members (when in solution, and so independent
of water of crystallisation)  of the sodium borate series (Tables 17, 18).
TABLE 18
Effective order of penetration rate of boron
compounds (1) in Queensland species (2) as a
function of solution pH.
relat. compound solution operating
order (1) pH (3) pH (4)
1 borax and homologues 9.2 8.5 +
sodium 1:2 borate, nH20
(n = O, 5, 10) (b)
2 “Polybor” (5) 8.4 7.5-8
sodium 1:4 borate, 4H20
3 “Timbor” 7.5 7-7.3
sodium 1:4 borate.
4(a) boric acid 4-5 (a) 4-5
notes;-
(1) For details of compounds, see Table 17.
(2) Similar for imported and interstate species.
(3) distilled water solutions.
(4) operating values, including wood extractives.
(5) used principally in vacuum/ pressure systems.Small significant difference relative to borax.
(a)  When made alkaline to pH 9.0, using sodium hydroxide or sodium carbonate/ hydroxide mixture,
penetration rate is almost equivalent to borax.
(b) for n = 0 (anhydrous borax), solubility problems were present, and, except for special studies (as in
this research), it was not widely used in Queensland.
8.xii.ii.i.i. Commercial Application of Borax.
Subsequent (Chapter 10) to initial successful research (Cokley, 1948d), the industry
was advised to adopt use of borax, a recommendation rapidly followed by treaters, or firms
planning for  installation of plants. This enabled significant modifications to the treatment
of timbers.
8.xii.ii.i.ii. Verification of previous research on the distribution of impregnated
sodium and boron in treated timber.
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TABLE 19
Relative penetration (core % on o.d. m/m. basis) in 25mm
thick boards treated by equal mass/volume  solutions of
boric acid and borax decahydrate. (Note; results cited
represent extensive studies in research and industry).
                       Equivalent mass/volume concentrations used in test.
                        (a)  2.0% m./v. boric acid, H3BO3.
                        (b)  2.0% m./v. borax decahydrate, Na2B4O7,10 H2O.
                       (b1) solution (b) is equivalent to 1.29% boric acid.
                       (c) the theoretical ratio, 1 part of boric acid is
                             equal in boric oxide content to 1.54 parts of borax.
sample core concentration (1)
no. (as % m/m. boric acid) using;
2% borax.(b) 2% boric acid.(a)
1 0.81 0.21
2 0.56 0.40
3 0.63 0.26
4 0.59 0.10 (d)
5 0.38 0.56
6 0.37 0.16 (d)
mean 0.56 0.36
notes;-
(1) all reported as % m/m. equivalent boric acid on oven dry condition.
(a) (b) see top of table for explanation.
(d) Starch free in analytical section. Disregarded in mean to ensure that no wood structural bias was
present in result.
In approximately 1970, suitable microanalytical methods, and instruments, became
available to confirm the earlier findings. An imported rainforest species, jelutong, Dyera
sp. was treated in 25mm thick boards by a hot and cold process with a borax pentahydrate
solution (2% boric acid equivalent), using five boards in each treatment, and with matched,
untreated, controls taken from the same boards. Microanalyses (triplicate) of water soluble,
and total, sodium, and boron (reported as boric oxide), at standard gradients (Diagram 1,
Chapter 10) were made. Analyses of boron (as boric oxide) included both soluble and total
to allow for formation of insoluble salts (cf. Table 22). Precautions were taken during
preparation to exclude possible cross-contamination of each gradient section.
Author’s note; jelutong, Dyera sp., was selected in this study  as it was a “total
sapwood” species, was of low density, had poor wettability but high permeability, and low
concentration of coloured organic extractives. It was used in similar studies for calcium and
magnesium.
Results, summarised in Table 20 (soluble sodium) and Table 21 (total, and soluble,
sodium to boric oxide ratios) were;
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a. soluble sodium concentrations did change significantly  (Table 20), relative to
controls, and gradient depth of penetration.
b. soluble and total sodium to boric oxide ratios changed significantly (Table 21) with
depth (position 3 much higher than mean) into the timber.
c. for both “soluble” and “total” ratios, compared to “nominal” ratio, significant
differences for gradient (other than in position 4), and mean, values were found.
When treatment is by borax, the sharp change of sodium to borate ionic ratios with
depth, and correlation to “sites of deposition” (cf. Chapter 12), and to “penetration
pathways” (Section 8.x.i) led to the conclusion that  reaction occurs only in “sites” where
access of the preservative takes place. 
data suggest these “reaction sites” are associated with, particularly, the internal vessel
lumen walls.
TABLE 20
Distribution of water soluble sodium in jelutong, Dyera
sp. treated in sodium 1:2 borate pentahydrate solution,
(2.0% m/v equivalent boric acid)- hot and cold process.
board series sodium concentration/
gradient position(1)
no st. tr. microgms/gm of wood.(c)
(a) (b) 1 2 3 4 5
1 + c. 1604.55 668.56 668.56 802.28 1203.41
+ t. 4278.8 935.99 802.28 1203.41 4011.38
2 N c. 1363.87 240.68 80.28 240.68 1123.19
+ t. 3690.47 1123.19 320.91 1363.87 3610.24
3 N c. 561.59 80.23 N.D. 80.23 722.05
+ t. 3610.24 1123.19 641.82 722.05 2406.83
4 + c. 882.50 320.91 240.68 80.23 481.37
+ t. 2807.96 1363.87 1203.41 1765.01 2888.19
5 + c. 882.50 320.91 320.91 160.46 1129.19
N t. 5776.38 1604.55 802.28 641.82 2807.96
mean c. 1059.00 326.26 327.61* 272.78 931.84
t. 4032.77 1230.16 754.14 1139.23 3144.92
notes;
(a) st. = starch, N= Negative, + = starch present.
(b) tr. = treatment,  c. =control, t. = treated.
(c) typical variable distribution in untreated boards which appeared to be caused by seasoning. Analyses
offull cross-sections do not exhibit this variation to  a similar degree.
(1) gradient depth position, approx 3mm thick, taken for full thickness. Position 1 is opposite face to
pos. 5. (12mm side rejection to avoid edge effects).N.D.  not determined.
*   = mean of 4 samples; others, mean of 5 samples.
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As gradient change (Table 20) for sodium is very sharp with depth, the implication is
any “highly dissociated”, or, in this context, “very reactive” ion, such as sodium, will
combine with those sites very quickly after entry in the timber. This theory does partly
explain reactions of multisalt components, and is in agreement with findings by the writer
(Chapter 12, Tables 66, 67, Appendix 30) on relation of wood structure to uptake and
fixation, and with data reviewed (Belford et al., 1959) in Appendix 44.
TABLE 21
Relative ratio of sodium oxide to boric oxide, in terms
of depth of penetration, for 5 specimens of jelutong,
Dyera sp., after the treatment by a solution of sodium
1:2 borate pentahydrate, using a hot and cold process.
ratio mean (x) gradient section total
of (1) value of “n” at gradient samples
1 Na20 1 2 3 4 5 mean
:”n” B2O3 (n)
soluble 2.99 2.67 3.84 2.01 3.05 2.912
total 3.64 3.26 3.85 2.16 3.77 3.337
nominal 2.00 2.00 2.00 2.00 2.00 2.00
diff. (a) 0.99 0.67 1.84 0.01 1.05 0.912
(b) 1.64 1.26 1.85 0.16 1.77 1.337
notes;-
(1) ratio of sodium (Na2 O) to boron (B2 O3  ).nominal = theoretical formulation ratio.
(a) soluble minus nominal.
(b) total minus nominal.
(x) mean value of 5 boards for each gradient position.
8.xii.iii. The hypothesis of wood being reactive with preservatives, or treatment
solutions, would be strongly supported if, additional to the changes of sodium, and its ratios
to boric oxide, research could demonstrate changes of inorganic ions present in wood tissue
(or cell contents). The theory of “reactivity” should apply if, when boards are treated by a
hot and cold process, there is change in both “total” and “water soluble” concentrations, and
distribution, of the ions compared to untreated controls.
The writer selected two important elements in wood, namely calcium and magnesium
(cf. Chapters 5 and 15 for suggested roles in wood and its service performance) to test the
hypothesis.As neither of these two elements is generally considered to be part  of the
“mainstream” preservation subjects discussed in  this thesis, it is appropriate and opportune
to indicate reasons why the  author investigated  calcium and magnesium, and why they
form part of research in this study of wood “reactivity”.
i. Both elements are important in biological activities.  This applied not only in tree
growth, but for roles in  possible (Section 15. 4.ii, Chapter 15) marine borer attack, and their
postulated associated relationships to salinity in marine, and estuarine, waters.
ii. Reaction to produce insoluble products could proceed between these  elements
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(Table 22) and some  preservative anions.
TABLE 22
Solubility (1) of calcium and magnesium salts of
reactive preservatives used in timber treatments.
reactive solubility mg./100 mls.
preservative calcium magnesium
anion. salt salt
fluoride 1.6 7.6
borates 250 insoluble
(metaborate)
orthoarsenate (2) 13 insoluble
Notes ;-
(1) Handbook of Chemistry and Physics, 1967-68.
(2) as Ca(AsO4)2.
Using similar procedures in treatments, and analyses, as for the sodium and borate
ions, data  indicated a change in “total”, and “water  soluble”, concentrations of the calcium,
and magnesium, in treated wood. As with studies on the sodium to borate ion  distribution,
the writer confirmed the earlier evidence  when modern techniques in analysis (circa 1970)
were  available.
Using jelutong, Dyera sp., for the reasons stated, and similar treatment regimes as used
for the research on “reactivity” of borax, the  results (Table 23), based on analyses
(including microanalyses) for “total” and “water soluble” elemental concentrations, were;
8.xii.iii.a. Magnesium.
i. “water soluble” magnesium.
Eighty-eight percent (based on  the gradient mean) change occurred in concentrations
when compared to untreated controls for the same gradient sections, and significant
differences were found with gradient position in the timber. This is  attributed to the process
temperatures  and times of the maintenance cycle (refer below re  possible reaction) in
treatment. There is an implication that significant concentrations of “water soluble”
magnesium may  be present in “sites” which are readily accessible in treatments.
ii. “total” magnesium.
Based on mean concentration / gradient position, overall there was about 51.5%
change after treatment for “total” magnesium  concentration.  Other than for position 3 (the
“core”), statistically  significant differences in change (depletion) were found to have
occurred for the “total” magnesium relative to gradient position in boards.
8.xii.iii.b. Calcium.
Results were broadly similar to magnesium, namely;
i. “water soluble” calcium.
Based on the mean of all gradient positions, there was a difference (depletion) of
57.6% to untreated controls.Significant differences were found (for other than the gradient
positions  3, 4) in terms of gradient position with depth.
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ii. “total” calcium.
Comparison to untreated  controls, showed outer gradient positions had nominal
decreases of about 14-18%. There was an increase in the  “core”, but a mean change (all
positions) of only 6.5%.  With a standard deviation of 150 micrograms/gm wood (total
calcium only), position 1 differs  significantly (with a slightly lower change found for
position 5).
It was of interest to note that, for both calcium and magnesium, and based on untreated
control specimens, the  percentage of “water soluble” to “total” suggests major concentra-
tions of the elements (calcium at 19.9% is lower than magnesium at 43.3%) may be initially
in a “combined” form in wood, and with corresponding different effects to treatment. For
both elements, the author concluded high percentages of the accessible (untreated) “water
soluble” component of calcium and, particularly, magnesium, ions may  have reacted to
form insoluble compounds, possibly as borate salts.
8.xii.iv. Chromatographic Properties of Timber.
These are readily demonstrated in the laboratory by  standing a partly dried section of
wood (but not fully  immersed) in an aqueous solution of mixed dyes. After  standing,
differences are noted in vertical penetration  of water with time, and concurrently,
separation of  the dyes. The wettability method (Appendix 15) is based on that  principle.
However, this does not apply equally to  non-polar solvent solutions, where the movement
into wood is more uniform. Two examples applicable especially to CCA multisalts (other
than by treatments using vacuum-pressure systems), are cited, each showing similar
separation of multisalt components dependent on ionic mobility and reactivity. They are;
(i) Extensive studies (Wood Technology Division, 1956) were made  on treatment of
sapling (cf. Chapter 3) size timbers.
Based on a method proposed for farmers to treat fencing timbers, it  involved standing
freshly cut  “green” posts (not completely immersed) in a 200 litre drum of CCA multisalt
preservative solution (at ambient temperature). Theoretically, CCA salts “diffused” up in
the posts, with the vertical distance being a function of time. A “steeping” time of 7 days
for posts of approximately 1.5m in length was advised.
A vertical separation of salt components occurred in the saplings.
(ii) A system of treating “green” round pine timbers was  developed by a New Zealand
researcher (G. Mason, u.s.),  based on treatment by a metal, sealed “cap” (tested to a
prescribed hydraulic pressure, typically 1400 kPa).
It was satisfactorily tested on hardwoods. The cap was externally connected through
valves to a CCA preservative solution stored in a drum, and then fitted (by ring clamp
gaskets) to the butt end of a pole, or log. Application of pressure (a function of pole length
and species) to the cap  forced CCA solution through the full length of sapwood.  For this
system (relative to initial component ratios), analysis of emergent solution  (which had been
collected to ensure pollution of the site did not occur) showed component separation had
occurred, but to lesser degrees than “steeping”  as in (i).
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TABLE 23
Change in calcium and magnesium (water soluble and
total) concentrations in 5 specimens of jelutong,
Dyera sp., treated (1) in a borax solution.
element estimation (4)
(C) water soluble. (D) total.
mean (5) gradient concentration
1 2 3 4 5 mean (3)
calcium
(C) UT(a)(x) 224 182 161 139 75 156.2
T(b) <32 <32 128 107 <32 66.2
diff. (5) 192 150 33 32 43 90.0
diff. % 85.7 82.4 20.5 23.0 57.3 57.6(3)
(D) UT(a)(x) 1059 663 621 696 877 783
T(b) 867 631 717 696 749 732
diff. 192 32 -96 0.00 128 51
diff. % 18.1 4.8 15.5  0.00 14.6 6.5
magnesium.
(C) UT(a)(x) 248 274 182 270 156 226.0
T(b) < 6 <19 51 45 < 6 25.4
diff. 242 255 131 225 150 200.6
diff % 97.6 93.1 72.0 83.3 96.2 88.8(4)
(D) UT(a)(x) 627 509 396 561 516 522
T(b) 295 192 274 250 268 256
diff. 332 317 122 311 248 269
diff. % 52.9562.3 30.8 55.4 48.1 51.5
notes;-
(x) variation typical in board thickness in seasoning. (a) UT = untreated control.    (b) T = treated.
diff.=difference. (1) treatment-hot and cold process.(2) mean based on all data. Where a result is shown
as < , mean and diff. were based on the figure shown.(3) lower limit difference based on reproducibility
for each element, inclusive  of reagent “blanks”.(4) microgram/gram wood on oven dry, elemental basis.
(5) based on means of individual boards.
Treatment by the “pressure cap” method was complete in 3 hours for spotted gum poles
up to 12m in length.  Physical transverse tangential cuts (deliberately made during tests) into
the sapwood caused solution  to continue to flow around that obstacle, but it exuded from
the cut vessels (or branch stubs), confirming that flow was longitudinally through vessels.
8.xiii. Influence of board sapwood profile on treatment.
In this Chapter, emphasis has been placed (eg. Sections  8.2.i, 8.6.) on identification
of, and treatment problems for, sapwood, but, in research programs, or pilot plant studies,
as well as commercial operation, the additional zones  defined by Rudman (1959), and
expanded by this writer  (Sections 8.7, 8.7.i)  became significant. For pilot plant studies,
specimens were generally selected (on a positive test for starch) to consist fully of sapwood.
Consequent on establishing significance of post-cutting (and sawing) storage condi-
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tions on “starch resorption” (Section D.3, Chapter 5, Section 7.1.ii, Chapter 7), alternative
tests were necessary to confirm penetrated zones were sapwood. Table 10 shows presence
of starch does not unilaterally indicate that a  specimen may be treatable. That required
(Sections 8.8, 8.8.ii) extensive research into physical, and chemical, properties of sapwood,
other than presence of starch, which influence “penetration” (Sections 8.x.i, 8.x.i.ii) of
solutions and solutes. For these, heartwood penetration is minimal.
In commercial sawn timber treatment operations it is not generally practicable, or
economic, to segregate “charges or bundles” (Appendix 14) only on the basis of heartwood.
Where a board consists of mixed sapwood and heartwood, the writer terms this a “board
profile” for sapwood content. There are varying relative ratios of sapwood to heartwood,
whether in  volume or surface area, and these different profiles affect heating and de-
aeration  rates, as well as rates of penetration of water, solution, and solutes. When a
heartwood/ sapwood profile is present,  additional cycle times in treatment  are required (cf.
Chapters 10, 12, 13, 14). This, in turn, led the writer to correlate “macro- structural”
properties (Chapter 12) of timbers for sapwood compared to heartwood, and to introduce
adequate flexibility (Section 12.3.iii.i) in the treatment schedules.
As wood density (Section 12.3.iv) was important for, especially, schedules based on
the thermal processes, detailed research on density of local species (Appendix 27), enabled
the writer to correlate relevant timber properties, and to standardise the treatment schedules,
on published heartwood densities (Table 53, Chapter 12), with appropriate allowances (a
factor of 0.8 of heartwood density [Section 12.3.iv]) for both the sapwood and fast-grown
material.
8.xiv. “Lyctus susceptible timber” as an indicator for the non-durable zones of a
species.
In Chapter 3, timber hazards and their distribution are described. Also, in that Chapter,
the author discussed definitions of  timber service life and durability not stated in Standards
documents.
In contexts of sapwood, an assumption of non-durability  was accepted unless the
timber was preservative treated.  Watson (1964)  had advised certain limitations on its use.
Accordingly, though timber is anatomically sapwood, if it gives a positive starch test, and
is treated only against Lyctus, it is permitted for situations either protected from the weather,
or  (Watson, 1964) of low hazard. The economic, and utilisation, results of this dependence
on starch tests rest  in the fact that over 60% of treated timber is utilised under these
conditions.
For  the bulk of Queensland species, the writer stresses a  starch test is necessary to
differentiate the sapwood zone. Commercially, if a wood specimen  did not give a starch
positive test, it was recorded (Chapter 2) as not susceptible to Lyctus  attack, was classed
as commercial “heartwood” and utilised. The  criteria of use, other than classification as
“sapwood”, are taxonomic species identification, and utilisation classifications advised by
Watson (1964). For other than in species,  such as eucalypts, where visual heartwood is
apparent, the  implication was that a starch test, legally used only to delineate zones as
susceptible to Lyctus (cf. “porosity
in utilisation ratings and, thus, of nominal durability of timber species recommended for low
hazard conditions.
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8.xv. Operationally, the Queensland Forest Service had installed service trials based
on full structures, such as houses, office  blocks, a bridge, using low durability timbers, with
high  utilisation of plantation softwoods. Some of these timbers were  substantially
untreated, or alternatively were heartwood  and/or treated by boron salts (the boron salts
were leached in external use), or by low level CCA multisalts. Except for only a  few minor
cases, all service results were satisfactory after 25 years. Those long term service results
indicated  durability grouping (Chapter 3 and AS 1604 - 1980) should be reviewed.
8.xvi. Overall conclusions drawn were that research and utilisation practices for
sapwood, as described above,  and which had resulted in very significant increases in log
volume utilised, thus aiding resource conservation, justified priorities placed by the
Department on research into starch and (Chapters 2, 9) on Lyctus control.
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CHAPTER 9
SEARCH FOR CAUSES OF TIMBER SUSCEPTIBILITY TO LYCTUS
SPECIES, RESEARCH INTO EFFECTIVE TIMBER PRESERVATIVES.
9.1. Lyctus spp. could be  considered (cf. Introduction) as being the prime causes for
establishment of the preservation industry, and thus effective utilisation of local species.  In
spite of that prominence, and although it was known that Lyctus was a carbohydrate feeder,
and attack was on angiosperms
deficiencies were present in factual evidence as to the specific causes of timber suscepti-
bility. In many drier geographic regions, Lyctus attack did not (Chapter 3) occur even in
untreated starch positive timbers.  In this Chapter, the writer evaluates, and summarises, the
then available evidence relevant to what causes a timber to be susceptible to Lyctus attack,
and examines recommended preservatives.
In turn, there were a number of possible scientific and, subsequent to introduction of
the Acts (T.U.P.A., 1949), legal ambiguities relative to the distinctions between “sapwood
zone” (Chapter 8) to “starch positive timber” (Chapters 4, 6), “porosity” (in terms of critical
Lyctus susceptible timber”.
Effective sapwood (Chapter 8) preservation, and resource utilisation, rested on clarification
of these questions. The example of brush box, Tristania conferta, will be used to illustrate
the ambiguities. Scientifically, and legally, this species was classified as being not
susceptible to Lyctus, its mean pore diameter was classified as “small (100-200 microns),
but distinct”, with vessels also above that range, and hence theoretically liable to attack.
Samples, tested by (I/KI) reagent,  contained adequate levels of starch for infestation.
However, only one confirmed case  of Lyctus attack (25 m3 [10,000 su.ft]- unpublished data,
Wood Technology Division, circa 1946) had been recorded for that species.
9.1.i. From about 1920 onwards, with overseas major studies mainly over the period
1925-1935, and Australian research from about 1934, programmes were organised to
clarify these aspects. These followed two parallel lines:
9.1.i.(a). Co-ordination with biologists, entomologists, and wood anatomists, to
correlate physical data of insect ovipositor and egg dimensions with timber characteristics
such as pore size.
9.1.i.(b). Investigations into nutrient requirements:
Clarification was sought as to whether wood cellulose was the principal carbohydrate
used by Lyctus, or whether the extractives, and cell contents, such as starch were required;
finally, to determine whether enzymes, and or micro-organisms such as Protozoa, were
involved. This phase   involved examination of specific characteristics of timbers attacked,
and relationship of “sapwood” and “heartwood” to attack. In tropical rainforest species,
there evolved the acceptance of “total sapwood” trees.
It is appropriate to indicate that policy directive restrictions discussed in Chapters 2,
4, 6, limited this writer’s studies particularly into digestive mechanisms of the Lyctus larvae,
illustrated by later discussion on  the possible roles of enzymes, and on causes of starch
resorption. It was justifiably considered that scope was the role of specialist research
workers, such as F. Gay (Division of Entomology CSIRO, Canberra), and would involve
workers in the biochemical fields. Flexibility was given in this policy for programs such as
research into the fractions of starch. An example of this is given (Chapter 5) for possible
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influences of boron compounds in enzymolysis.
9.2. Dimensions of the Lyctus
and possible infestation.
note; terms “vessel” and “pore” are used interchangeably.
9.2.i. Studies by Clarke (1928) showed a relationship between pore size and Lyctus
attack. Fischer (1928, 1929), followed by Parkin (1934), at Princess Risborough, England,
had studied principally  Lyctus brunneus, but included Lyctus planicollis and Lyctus
linearis. Results showed that, after initial “suitability testing” of the host timbers by the
female beetle, eggs were inserted into accessible pores by the ovipositor.
Two important findings were made; the first was that eggs were elastic and so adjust
in dimensions dependent on vessel diameter. The second was a recognition by these
overseas workers of the importance of ovipositor diameters, rather than egg diameters, in
relation to the “pore” size. Typical data (in microns) for the ovipositor diameters of the three
test insect species are given in Table 24, and with mean dimensions (Parkin, 1934), and
ranges, for normal eggs of Lyctus brunneus shown in Table 25. Mean numbers of eggs
deposited in each pore were determined. These varied between 1 and 8 per pore, dependent
on Lyctus
TABLE 24.
Variation of ovipositor diameter (microns) in
three Lyctus species [after Parkin (1934)].
species of Lyctus av. min. no.
Lyctus brunneus 78 56 34
Lyctus linearis 83 73 10
Lyctus planicollis 76 56 19
TABLE 25
Average egg dimensions* (with range) of Lyctus
brunneus Steph. (after Parkin [1934]
item av. max. min.
length of egg body 1164 1360 800
diameter of egg body 142 180 125
length of strand 418 785 215
diameter of strand 14 26 9
* All dimensions in microns.
Clarke (1928) indicated a vessel diameter of 137 microns was significant. Working on
similar lines to those developed above, Chowdhury (1933) examined susceptibility of
Indian timbers.   Cummins and Wilson (1934) disagreed with Clarke’s figure, and with
Chowdhury (1933) who suggested Lyctus attack depended on the percentage of vessels
above 130 microns in diameter.
9.2.ii. In Australia, using Lyctus brunneus Steph. (cf. Section 9.2.iii.- L. decidens),
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Cummins and Wilson (1934) examined the local position . Results by these workers, (based
on measurements of 75 eggs) were:-
maximum egg diameter - 163 microns.
average egg diameter - 136 microns. (x)
minimum egg diameter - 110 microns. (*)
Standard deviation = +/- 10.8 microns.
(*) not significantly smaller in diameter than data determined by Parkins. (x) cf.
Clarke’s data of 137 microns.
Lyctus brunneus Steph.
gave slightly lower results viz:-
maximum egg diameter - 142 microns.
mean egg diameter —— 124 microns.
minimum egg diameter - 108 microns.
9.2.ii.i. Cummins and Wilson (1934) examined vessel diameters of a total of 94 (stock
specimens) timber species, each showing Lyctus attack, by measuring a minimum of 100
pore counts per species. Of these, based on minimum sapwood dimensions in 52 species,
the pore diameter gave a range of 69-385 microns. Using the total group, i.e. maximum
radial pore diameters measured in the heartwood, the 94 species showed the same general
dimensions. They subsequently examined 9 species with pore ranges of 40-46 microns
(minimum) to 90-119 microns (maximum). As a result of their studies, Cummins and
Wilson (1934) concluded that a minimum pore diameter of 90 microns in the timber was
necessary for Lyctus attack. Those authors had assumed that the sapwood, and adjoining
heartwood, pore diameters would be similar. As most wood structure data was based on
heartwood, and (Chapters 8, 12, 14) this relation was very important in this writer’s
research, that assumption (Section 9.4.i.) was tested, and confirmed, by the author.
The importance of fine checks, or cracks, in the timber as a site for egg oviposition was
studied. Parkin (1934) concluded this was not significant. Both Brimblecombe (1947a) and
Tooke (1949) agreed with this conclusion; the latter also pointed out that if a pore was filled
with extractives, or was physically blocked (Tooke, 1949), oviposition was prevented.
Tooke (1949) showed Lyctus
recorded Lyctus
9.2.iii. The influence, and commercial importance, of Lyctus decidens Blkb. on
relationships of egg dimensions  to vessel diameter and susceptibility of timbers.
Brimblecombe (1947a, 1956) had pointed out that this species was smaller than Lyctus
brunneus. As such, the nominated critical pore diameters in terms of timbers may not be
applicable to many North Queensland areas where  L. decidens  was prevalent. A further
problem arose relative to the toxicity of, especially, sodium fluoride (cf. Section 9.x, Table
27, and Chapter 10) against that species. As part (Cokley, 1965a) of a review (inclusive of
preservative toxicities)  into the egg dimensions, extended to include a range of Lyctus spp.,
Rosel (1969) examined egg diameters (20 per species) of the five main species of Lyctus.
The studies gave a mean diameter of 124 microns with a range of +16 and -9, which is in
reasonable agreement with his earlier data.
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9.2.iv. Correlation of relationships between the egg and ovipositor diameters with
nominated minimum vessel size for Lyctus attack in Australian timbers.
There is a range (Table 25, Cummins and Wilson [1934], and Rosel [1953, 1969])
about the mean diameter of the egg. However, using that data from those workers, neither
the mean egg diameter, nor the minimum, approaches (falls as low as) the  critical pore
diameter of 90 microns (Cummins and Wilson, 1934) nominated for timbers. The  anoma-
lies of data discussed, can be reconciled only on;
(i) Original contentions of Fisher (1928, 1929), Clarke (1928) and Parkin (1933, 1934)
that, for susceptibility of a timber species to Lyctus, ovipositor diameter is the critical
dimension,  are valid.
(ii) All of the evidence shows that the egg diameter is significantly greater than timber
pore diameters which are accepted by Australian workers to be the minimum for Lyctus
attack.  If the eggs are of “normal” size, then, if laid in a pore of 90 microns diameter, the
conclusion must be reached that they would be compressed. Hence, the  normal eggs, shown
to be  elastic (Fisher, 1928, 1929), Parkin (1934), would be elongated by approximately
25%. This writer  considers Parkin’s hypothesis relative to an ovipositor diameter, i.e. (the
minimum of) 56 microns, to be a more reliable guide in practice as whether a species may
Lyctus. Subsequent evidence
(Sections 9.5, 9.6) is examined to show wood structure is not the only factor.
9.3. Influence of Wood Structure, with special reference to vessel (pore) diameter, and
its variability, on attack by Lyctus.
9.3.i. In terms of susceptibility of timbers to Lyctus, initial classifications of the great
range of commercial species in Australia were based on the vessel diameters. Subsequent
evaluation (cf. Chapter 4, and Section 9.6)  was in terms of starch concentration in a
specimen based on a visual rating using iodine/potassium iodide reagent.
9.3.i.i. One factor, not clarified, was  the relationship between the porosity (Chapters
8, 12), defined jointly as “vessel sizes (diameters), and pore counts per unit area of cross-
section (usually a 20mm2 unit)”, with incidence and severity of Lyctus attack. Tooke (1949)
made general reference to this factor. The significance of this rests in the source variabilities
present (Chapters 3, 12) in a species, and which (Section 9.4.ii) will be measurable by ranges
in vessel size and frequency for that species.
9.3.i.ii. Bamber and Erskine (1965) examined a range of 127 New South Wales
species; microscopic dimensions of pore diameters were given (with standard deviations).
They concluded that, in terms of the classification of “Resistant”, when correlated to the
value of 90 microns, 55% had a mean vessel diameter in excess of that value. (author’s
addendum; in terms of attack by Lyctus spp., “Resistant” is equivalent to Brimblecombe’s
commercial classification of “Immune” [refer Table 1, Chapter 4]).
They concluded that resistance to attack is not primarily dependent on structural
features. This writer considers it significant that, in terms of maximum vessel diameter,
64% of their sample data were equal to, or less, than 90 microns, and showed many
specimens examined had minimum diameters of about 20-30 microns. Those authors also
showed there was a general linear relationship between the value of the standard deviation
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and mean pore diameter.
9.4. Correlation of porosity
mm2).
9.4.i. In view of importance of utilisation of existing data, this author examined the
possible relation between pore count per unit area of cross-section (20mm2) and vessel
diameter, using data from Cummins and Wilson (1934), and from Dadswell and his co-
workers (1932, 1934, 1935). As indicated above, the first source used a total count of 100
pores per species examined. The author considered a primary requirement was to confirm;
9.4.i.a. Cummins and Wilson (1934)  made the assumption that there were no
significant differences between “sapwood” and “heartwood” in terms of vessel diameters.
This was shown to be valid. Evidence indicated changes occur in the wall thickness,
incrustations and tyloses may be present in heartwood, but the data did indicate that vessel
lumen diameters remain adequately  constant between the two zones.
9.4.i.b. There were no significant differences within the species range selected by
those authors, and, as such, random choice by the author of a number of species from their
data was statistically satisfactory.
The data were related with evidence from other sources and the two assumptions
confirmed.
Author’s note; confirmation of the above assumptions also justifies utilisation of data
from Bamber and Erskine (1965), as well as from sources such as Swain (1927). The
correlations were expanded (Chapters 12, 14) and used in research on  species treatability
classifications and on “Specific Vessel Void Volume, SVV “ concepts.
9.4.ii. Twenty-seven species (Appendix 16), representing approximately even  popu-
lation numbers of both eucalypts and non-eucalypts, and over the full spectrum of pore
count and diameter,  were selected at random from their [Cummins and Wilsons (1934)]
population of 94 species. Other than this approximately equal sample representation within
the two groups, selection was random.
The writer  found three statistically significant linear relationships (cf. Section 12.5.4,
Chapter 12) namely:-
(a) Maximum Vessel Diameter “dmax” and Minimum Pore Count “Nmin”.
(dmax)
1/2 = 17.9931 - 0.0182 (Nmin) eq. (9.1)
r = 0.7992 ***
(b) Minimum Vessel Diameter “dmin” and Maximum Pore Count “Nmax”.
(dmin)
1/2 = 15.2613 - 0.0085 (Nmax) eq. (9.2)
r = 0.6948 ***
(c) Average Vessel Diameter “dav” and Average Pore Count “Nav”.
(dav)
1/2  = 16.7221 - 0.0126 (Nav) eq.(9.3)
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r = 0.7686 ***
Note; for many applications, enlarged forms of equations (9.1), (9.2), (9.3) were used
by this writer (cf. Chapters 3, 8, 12)  for research, and industry, purposes.
9.4.ii.i. Based on these relationships, for the  critical nonsusceptible pore diameter of
90 microns,  as nominated by Cummins and Wilson (1934), and this would necessarily be
the maximum pore diameter present, a high frequency count is required  for equivalent small
pore diameters.
The nominated critical diameter of 90 microns, would, if used, per se, as a measure for
susceptibility of a timber  to Lyctus
600 pores / 20 mm2.  A tolerance is needed (Section  9.4.ii.iii),  as evidence shows (Chapters
3, 8, 12) it is invalid to assume pore diameters are constant for  a species in terms of ranges
of sources and growth.  The example of brush box, earlier described, illustrates the difficulty
of assuming timber susceptibility relative to pore size.
This view is supported by variations discussed by Bamber and Erskine (1965) and by
research  separately discussed by this author relative to growth conditions (Chapter 3), and
on treatment variations (Chapter 12) which led to the “Specific Vessel Void Volume and
Concentration” concepts.
9.4.ii.ii. When allowance is made for standard deviations  (Bamber and Erskine, 1965)
in measured pore diameter, the nominated value of 90 microns falls to about 80 microns,
and, hence, dependent on species group,  there would be involved,  based on the above
statistical relationships, a minimum pore count of the order of in excess of 700 to 800 /
20mm2.
The writer stresses this lower value of pore diameter, namely 80 microns, which he has
derived, is of the same order as the ovipositor data (Parkin, 1934, Table 24) for Lyctus
brunneus, and for which an average diameter of 76 microns, and a minimum of 56 microns,
are stated. Using similar arguments as for reduction of the value of pore dianeter of 90
microns, the writer further suggests acceptance [cf. Section 9.2.iv (ii)] of measured
minimum ovipositor diameter, namely 56 microns for L.brunneus, as being the more
significant and, for determination of the non-susceptibility of a timber, that figure should
be used to establish the maximum critical value of a vessel (pore) diameter in timbers.
9.4.ii.iii. Pore counts,  of the above  magnitude, show critical diameters would fall into
the classification of “minute”  under Swain’s (1927) Indices ratings, as well as the
classifications by Dadswell et al.(1934, 1935).
On that basis, assuming a maximum pore diameter of 50 microns (that is  below a
minimum ovipositor diameter of  56 microns), the equivalent frequency value falls within
the region of 800-900 /20 sq.mm, which, allowing a 10% variation in count, is of the same
order as species such as sassafras,  Daphnandra micrantha, with a pore count of 1000, and
of confirmed nonsusceptibility. Thus, unless a species has a consistently high pore count
(eg. > 900  per 20mm2), its nonsusceptibility should not be assumed.
This conclusion  clarifies the position of species such as brush box. It also correlates
known variability of infestation by Lyctus of  heavier timber species from the drier (Section
9.5) climatic regions, and is additional to (Chapters 3, 4, 8) but is interrelated with required
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concentrations of starch discussed later in this Chapter.
9.5. Relationship of timber moisture content to Lyctus.
As timber moisture content is dependent on environmental conditions, it may change
with service site, and hence is separately discussed to topics in Section 9.6. A number of
workers, eg. Tooke (1949), Gay (1953), reported on the relation of moisture content of
timber with Lyctus attack. In general a range of 8-30% mc has been quoted as suitable.
Below the lower point (8% mc), percentage of cell deaths is significant, and extractives (or
soluble nutrients) contained in the sapwood vessels, or the ray voids, are either crystallised
or in the solid state. As the figures cited are below fibre saturation moisture content (FSP)
values, the overall implication is that larvae may use the (bound) moisture in the timber,  At
the lower moisture contents of 8% (Chapter 3- Inland Plains), water/cellulose relationships
approach the point where there is chemical cross-linkage (Wise, 1946). The lower moisture
content range may be due to inability for enzymatic hydrolysis to occur of the starch, and
of other carbohydrates, where cross-linkage occurs.
o C. and 50% RH, the
conditions were unsuitable for development of Minthea rugicollis. This is equivalent to
moisture contents of 16% mc for typical Australian timber  species (Cokley  et al., 1953),
and suggests that  different optimum moisture contents may apply for each Lyctus species.
The operational and commercial significances of moisture content and Relative
Humidity values, which are described in Chapter 3 (also refer to microclimates) and
Chapter 7, (Appendices 11, 12), illustrate that, for a large area of Queensland, Lyctus
presents a lower  service hazard due to low equilibrium moisture contents present in timber.
This relationship between moisture content and attack is an important difference between
Lyctids and Bostrychids. The latter require higher moisture contents, and active infestation
is found at 60-70% mc in Eucalyptus spp, but Lyctus are restricted to moisture contents
below FSP.
9.6. The Roles of factors other than wood structure.
It was early recognised that anatomical features were not the principal criteria of
susceptibility; these (Sections 9.2, 9.3) caused a number of anomalies. It was accepted that
nutritional constituents present in the wood were, at least, equally significant for Lyctus
attack. Modern nutrition investigations can be described as beginning with Campbell
(1929) and Wilson (1933), who discussed the possible relationships of wood constituents.
Campbell had shown that the principal carbohydrate in wood - cellulose - was not a nutrient
for Lyctus.
9.6.i. Mansour, and Mansour-Bek (1934, 1934) studied the roles of enzymes and
micro-organisms. They emphasised the possible utilisation of sugars and nitrogenous
substances as well as the influence of protozoa.
They classified wood-eating insects into:
1. True Wood-Eating Insects. These  were not dependent on micro-organisms.
(a) Those without cellulose-degrading enzymes and which derive nutrients from
soluble sugars and starches in the wood.
(b) Those with cellulosic-degrading enzymes which utilise the cellulose of the wood.
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Lyctus fall into Class 1(a).
2. Wood-Eating Insects with intestinal micro-organisms.
They suggested this group utilises the microorganisms as nutrient rather than deriving
any digestive assistance from them. Their theory is somewhat in doubt when effects of
protozoa in various termite species are  examined, and when the toxicity of preservatives
is investigated.
Detailed studies by Fisher (1928, 1928) and Parkin (1936) examined the digestive
systems of Lyctus spp. Parkin (1936) reported that enzymes included amylase, invertase,
maltase, and a “lipase-type” enzyme. Parkin found no clear evidence of proteinases, but
showed that Lyctus could digest proteins.  An important finding was the presence of a water
soluble compound extractable at 60o C.
9.6.ii. Research into Starch as a Principal Nutrient for Lyctus.
Relationships of methods for visual assessment of starch, and minimum effective
concentrations for Lyctus attack have been examined (Chapter 4).
9.6.ii.i. Parkin determined:-
(a) when impregnated into timber, soluble starch (cf. Section 9.8)  was less effective
than natural starch as the nutrient for Lyctus,.
(b) solvent extraction of specimens by ether and alcohol did not affect nutrition (cf.
Section 9.6.i. where that worker considered presence of a compound extracted by water at
60o  to be significant).
Gay (1952) found a reverse effect with alcohol/benzene extraction.
9.6.ii.i.i. An important result of Parkin’s studies was development of artificial diet
techniques, and similar procedures were used by Gay (1950, 1952), who also tested starch
impregnated timber (see later discussion on nutrient impregnation). Henderson (1943)
studied the effect of starch concentration, and its depletion, on attack by Lyctus spp. Using
a visual grading system (Chapter 4), Brimblecombe (1940a, 1947a) examined  starch
relationships in trees, and to possible Lyctus attack in Queensland timbers. He also (1940b)
investigated “high ringing” techniques for starch depletion. Brimblecombe (1947b) also
introduced  the principle (based on veneer) of a section thickness (eg. less than 1mm
thickness), and infestation by Lyctus.
9.6.ii.ii. In other studies, Cummins and Wilson (1935, 1936) examined starch
concentration in timber in terms of a relationship with Lyctus attack and subsequently tested
the toxicities of 8 inorganic, and 13 organic, compounds as possible preservatives.
They concluded;
9.6.ii.ii.i. there were differences in results dependent on whether larvae or adult beetles
were used, especially in toxicity research, and that beetle tests were more satisfactory. This
writer questions that conclusion as initial oviposition is by adult beetles, but preservative
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effectiveness is primarily to prevent larval development.
9.6.ii.ii.ii. based on four grades of starch, their level of “slight” was moderately
attacked by both larvae and adult insects. There are no indications of the levels of their
classifications (cf. Chapters 4, 6) in terms of starch assessment or concentration.
Brimblecombe (1947b) suggested (cf. Section A.v.i and Table 1, Chapter 4) his grade 1
(Trace) was not susceptible (“Immune”). New South Wales workers prefered a term
“Resistant”. Irvine (1948) and Gay (1950) separately expressed doubts on validity of the
(I/KI) visual test as the sole criterion of possible attack by Lyctus (other than minimum
vessel diameters).
9.7. Quantification of Starch Concentrations for possible Lyctus attack.
9.7.i. Correlation of overseas extraction  techniques for starch estimation (Henderson,
1943) and local visual assessment classification (Brimblecombe, 1947a).
The writer compared overseas results  to those using local visual grades (Table 1,
Chapter 4) and calibration methods (Chapter 4). Results, using extraction techniques
(Henderson, 1943) to measure quantitative starch values, were compared to results using
Brimblecombe’s (1940a, 1947a) 0-4 ratings. There were no significant differences between
results using Henderson’s techniques with those shown in graph 2, line 4b (Chapter 4).
9.7.ii. Relation of local controlled service exposures to attack by Lyctus.
The large scale exposure research (Cokley and Rees, 1964), which included Lyctus
spp. is cited in Appendix 2. Annual assessment by inspectors using procedures advised, and
initially supervised, by Dr. A.R. Brimblecombe, was based on a physical count of
emergence holes per board, and each hole was marked for subsequent identification. In
consequence, both the annual incidence and rate of emergence was measured. Quantitative
counts of Lyctus emergence on boards, standardised in dimensions, of determined “starch
positive timber” section, were made over a number of years. Three major factors emerged,
which were;
(a) Initially, the mean starch grade (based on three positions [Appendices 2, 3]) for
each board was used for assessment, but serious anomalies in results led to further research,
and after being correlated with other supporting evidence as discussed in Chapter 4, led to
subsequent assessment being based on the minimum starch.
(b) This change was also supported by evidence (Section 9.9)  on effects of surface
starch resorption on attack.
(c).i. These studies confirmed validity of acceptance, using the 0-4 scale, of a visual
rating of “light” (Table 1, Chapter 4) as the critical level for attack.
There was indicative evidence that, for the same order of starch rating, severity of
attack was associated with the timber species.
(c). ii. Some very low counts of Lyctus attack were noted in some specimens at a grade
of “Trace”, but the order of count at higher levels was at least two to three decades greater.
In terms of T.U.P.A. (1949), that low level attack would be classified (Chapter 2) as being
“not detrimental”, and justified Brimblecombe’s classification of that grade in terms of
susceptibilty.
(c).iii. In the context under discussion, a negative starch test, as defined above, did not
show Lyctus attack; however a positive starch test did not, per se, result in infestation.
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9.7.iii. Comparison of Quantitative, Significant Starch Concentrations in terms of
attack by Lyctus.
9.7.iii.i. Based on analysis of wood sugars, Henderson (1943) made a recommendation
that starch concentrations greater than 1.5% are necessary for Lyctus attack. He found no
relationship with susceptibility  in terms of nitrogenous compounds.
9.7.iii.ii. By comparison, the author’s results (Graph 2, lines 4a, 4b, Chapter 4) on all
species, gave respective values of 0.5% for minimum susceptibility, and 1.5% for suscep-
tible grades. The latter is of the same order as that determined by Henderson (1943) on
English species.
Author’s note; reasons for the development of, and  discussion of the six numeric scale
as compared to the five numeric scale (Table 1), including analytical comparisons, have
been described (Sections B.ii.ii and B.iii.iii.ii.v , Chapter 4).
9.7.iii.iii. At the critical rating levels (graphs 3, Chapter 4),   correlations showed that,
at levels where the concentration levels of starch became significant in terms of Lyctus
attack (Grade 2, six numeric scale, Table 1), species effects were present [Section
9.7.ii.(c).i]. Concentration levels of “Slight”, (Chapter 4, graph 3) range from 0.4%. m/m.
for the low specific gravity kurrajong, Brachychiton sp., to 1.0% m/m. for yellow walnut,
Beilschmiedia bancroftii, and 0.8% m/m. for the Northern silky oak, Cardwellia sublimis.
For these three species, a mean starch concentration  of 0.70% m/m was determined, and
for all species (Table 3, Chapter 4), the mean was 0.56% of starch. For the three species,
and the accepted level (Grade 3, six numeric scale, Table 1) of susceptibility to Lyctus,
corresponding concentrations of starch (percent m/m), in order of those species are 0.6%,
1.7% and 1.9%, with a mean of 1.4% m/m.
9.7.v. Commercial Range of Starch found in local timbers.
Using the techniques described in Chapter 6, extensive chemical analyses  by the
writer’s laboratory, over   wide ranges, including sources, of local species, gave typical
(exclusive of those which gave zero results) starch concentrations from 0.30% m/m to
5.10% m/m. Starch concentrations (Chapters 3, 8),  appeared to be functions of tree growth
(and sampling time after felling) as well as climatic conditions.
9.8. Digestion of Starch and use of Starch Fractions, or Simple Sugars, by Lyctus spp.
Other than Campbell and Parkin, little research has been carried out into specific
enzymes in the larval gut.
In 1948-1949, this author had hypothesised that, as the starch / iodine test was specific
for amylose fractions, and anomalies had been reported by workers (Irvine, 1948 and Gay,
1950) in terms of that test, these latter could be explained if the digestive breakdown of
starch by  Lyctus larvae was by enzymolysis, which may possibly be, but not exclusively
(Parkin, 1936), by such as the amylases. If so, then either starch fraction could be effective
as a nutrient. If the starch hydrolysis was to the simple sugars, then their use as nutrients
would also be effective. To confirm that hypothesis, soluble potato starch was fractionated
by the methods of Bourne and co-workers (1948, 1949). These fractions of amylose and
amylopectin (Chapter 5) were subjected to Lyctus larva nutritional testing (Gay, 1950)
using artificial diet techniques, by courtesy of F. Gay  of The Division of Entomology,
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CSIRO, Canberra, who found :-
Lyctus larvae.
(b) amylopectin was the more nutritive fraction in that the larval life cycle was
completed in 2.5 months.
(c) by comparison, for amylose, the complete larval development took 8-9 months.
This cycle was the normal developmental period in service, thus suggesting amylose is the
more important starch fraction.
As a consequence of those results, independent studies by Gay (1950) showed xylose,
lactose, dextrose, raffinose, maltose and mannose were effective, but galactose did not
support the larvae. The only polyhydric alcohol tested - mannitol - was equally effective.
Campbell (1935) postulated a difference in enzymolysis between potato starch and
oak starch.
9.9. Surface Resorption of Starch, or other Nutrient.
Resorption (Chapter 5) may be defined as loss of starch as measured by the iodine/
potassium iodide (I/KI) test. If the starch fraction, amylose, is degraded to lower carbohy-
drates or dextrinised (Chapter 5), Greenwood and Milne (1968) point out that at a certain
limit, defined as the “Achroic Point”, the iodine reaction is negative.
Earlier workers (Section 9.2.i) had indicated that, prior to egg laying, the female Lyctus
carried out “suitability testing”. If neither starch (based on the I/KI test), nor any other
suitable nutrient, was detected, egg-laying by the female would not proceed. Gay (1953)
had carried out extensive studies and reported oviposition to a depth of 7mm from the end-
grain, and an average depth of 3mm from other faces. The relationship of these depths to
average ovipositor length has not been clarified.
Studies (Appendix 2) on incidence of Lyctus attack, confirmed that starch “resorption”
to a depth of 2mm from the surface was effective in preventing infestation. Removal of the
“resorbed” surface section by machining, and thus exposure of a starch positive surface,
resulted in subsequent Lyctus attack. Chemical examination had confirmed the starch
resorption was generally limited to that depth in boards. This evidence  confirmed
commercial experience that starch resorption did occur when boards, initially starch
positive, (refer Chapters 5, 7) from freshly fallen logs, were block-stacked, and stored, such
that drying was delayed  before seasoning and exposure, Lyctus attack did not occur, but,
in rainforest timbers, severe sapstain often resulted. The writer had  confirmed that, when
matching material (treated with a surface sapstain control), separated by strips and
“stacked”, was seasoned to EMC (12-15% mc), then machined to remove the sapstain
control, and exposed, attack by Lyctus took place. Wilson (1935) demonstrated that
significant starch concentrations present in the vertical parenchyma tissue in logs of red
tulip oak, A. peralatum
Melbourne.
It was suggested (Chapter 5), that enzymic (or bacterial) action in the wood, similar
to that by the larva during digestion, may be responsible for some, or all, of the resorption
of starch to below the “Achroic Point”,  or its hydrolysis to simple sugars. No correlation
appears to have been made between the presence of suitable enzymes in wood and starch
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resorption. Possible roles of bacterial invasion, under suitable storage conditions where
starch resorption is found, have not been studied. That aspect (cf. Chapter 5) is one as yet
unclarified. No detailed studies on suitable enzymes, nor on their occurrence in plants, such
as woody tissues, were made. Amylases are (Greenwood et al.,1968) a generic name.
If the hypothesis of enzyme involvement is correct, this writer suggests that it may be
important that  amylases are calcium or magnesium metallo-enzymes, they are pH and
temperature sensitive, activated by ions such as chloride and are inhibited by heavy metals.
Effectiveness of  wood preservatives has not been examined in terms of this (enzymic)
aspect of Lyctus control. Alpha-amylases, in general, produce glucose residues, whereas
Beta-amylases produce maltose residues. Studies of other enzymes, such as emulsin, as
possibly occurring in wood tissues, do not appear to have been made in this area.  Evidence
has accumulated that enzymes from animals, higher plants and lower plant organisms, eg.
(Siegel, 1962) soft rot fungi, are variable with source.
Because of the multiple roles of phosphate, occurrence of glucophosphates as a
pathway in  metabolic functions of carbohydrates, this author suggests that phosphatases
may be present in the digestive system of Lyctus larva. In the field of sapstain incidence in
plantation softwoods, particularly exotic species, this writer did establish  (u.p.) a relation-
ship between phosphate nutrient needs and susceptibility to sapstain organisms.
However, the possible cause (s) of starch resorption does not explain why, if the iodine
(I/KI) test is negative, service data, other than the anomalies cited, show that, under those
conditions, Lyctus attack does not occur unless, and until, a section is exposed which is
starch positive by the iodine/potassium iodide (I/KI) test.
The writer has concluded these apparent contradictions can be reconciled only if,  prior
to oviposition of eggs, the adult beetle must “test” (Section 9.2.i) in terms of specifically
amylose, or a dextrin above the limiting value, or “Achroic Point”. This apparent paradox
is one reason for this author’s emphasis (Chapters 4, 6, 8) on the important respective roles
of amylose and amylopectin in assessment and analysis of starch. This conclusion is not
contradictory to, nor invalidated by, either Parkin’s (1936) or Gay’s (1950, 1952) tests. The
latter were nutrient studies using larvae, whereas the adult female beetle is responsible for
oviposition. This conclusion is also in agreement with differences in test results described
by Cummins and Wilson (1936), especially in toxicity studies of preservatives against
Lyctus.  The significance rests in the need to nominate whether the larva or beetle has been
used for toxicity research.
9.x. Effectiveness of Preservatives against Lyctus.
The most comprehensive studies were by Cummins and Wilson (1936) who tested 8
inorganic, and 13 organic, compounds. These included sodium silicofluoride, sodium
fluoride and sodium borate (borax). Their results show only small differences between
these three. Originally the use of sodium silicofluoride was advised, but (cf. Introduction)
serious objections arose on health grounds (Chapter 10). Cummins (1939) tested both borax
and boric acid, and two  mixtures of these compounds, using larvae. Results are shown in
Table 26. Cummins concluded that, from a practical point of view, there was very little
difference between those compounds based on elemental boron. This toxicity was a point
of debate from some workers, when the writer’s research (Chapters 8, 10) led to adoption
of sodium borates as the preservative.
In 1946, acting on those results (Cummins and Wilson, 1936, Cummins, 1939), the
Forest Products Conference (1946) reached joint agreement to set commercial levels, for
135
all the starch positive zones in timber, of sodium fluoride, and boric acid, at concentrations
of 0.10% m/m. and 0.20% m/m, respectively, by including safety factors above the levels
tested. They were adopted under States legislation (TMA, 1946, T.U.P.A.,1949) and
Australian Standard AS 060-1956.
In New Zealand, Spiller (1949) demonstrated boric acid, at equivalent retentions to
those nominated for Lyctus, was an effective preservative against the insect Anobium
punctatum. De Beer, thus making that preservative (boric acid) available for softwood
treatment in that country. This finding became economically important with respect to
utilisation of plantation  softwood species. General usage of boron compounds  became
9.x.i. In 1963, large scale active infestation by Lyctus spp., including L. decidens, was
found (in excess of 4000 separate sheets) present in veneers covering a wide range of
rainforest species which had been treated with sodium fluoride (Chapter 7) at El Arish in
North Queensland.
Significantly (Chapter 7) all of the veneers had been machine dried at mild temperature
(70o C.), and humidity, conditions, such that they were at equilibrium moisture contents of
10-15% mc, and after open-sided crating, were stored on site awaiting delivery to southern
markets.
Chemical analyses showed that “core” concentrations of preservative were present
equal to, and significantly above, the prescribed (AS 060-1956, TMA, 1946, T.U.P.A.,
1949) minimum figure of 0.10% m/m. (o.d. basis in starch positive zones). The writer
obtained independent referee analyses of material.
TABLE 26
Relative toxicity of boron compounds against attack
by larvae of Lyctus brunneus Steph., in specimens of
yellow carabeen, Sloanea woollsii. (Cummins, 1939).
compound or lowest concentration (1)
formulation. at which no larval
(2) development occurred.
t.s.(3)equiv. boron (a)
boric acid 0.14 0.024
boric acid / borax 0.28 0.037
1:1 mixture.
boric acid / borax 0.12 0.018
1:2 mixture.
borax 0.26 0.028
mean (boron) (b) 0.027
notes;-
(1) % m/m. based on air dry wood.
(2) borax— borax decahydrate.
(3) total salts, m/m. expressed as total salt mixture.
(a) equivalent elemental boron.
(b) Author‘s note; data showed approx. +/- (1/3) variation around the mean.
As a consequence, Rosel (1969) re-examined earlier data (Cummins and Wilson,
136
1936) and retested the toxicity of sodium fluoride against three species of Lyctus., using
three timber species. Results are given in Table 27. Rosel’s data confirmed  toxicity
differences between insect species, and wood species, were very significant, and differed
to original data. Subsequent to the retest, Conference agreed to amend sodium fluoride
concentration to be equal to boric acid. A concentration of 0.20% m/m. of sodium fluoride
was set for both State Acts and Standard AS 1604-1980.
TABLE 27
Toxicity of sodium fluoride to Lyctidae (after Rosel, 1969)
insect and highest concentration
timber spp. of sodium fluoride
(% o.d.wood) showing ;
emergence sl. act.(1)
lyctus brunneus
flame tree 0.026 0.095
spotted gum 0.029 0.057
white birch 0.099 0.l44
lyctus decidens
flame tree 0.056 0.095 (a)
spotted gum 0.057 0.095 (a)
white birch 0.060 0.l44
minthea rugicollis
flame tree 0.056 0.095
spotted gum 0.057 0.096
white birch 0.060 0.146
notes;-
(1) sl.act.== slight larval activity. Larval channels noted greater than lcm in length. (a) larval activity
less than 0.5cm.
Author’s note; Reference is made (Chapter 8, Appendix 14) to the Momentary Dip
Treatment of Veneers, citing usage (Table 15) of preservative per unit surface area. Tables
15 and 16 (Chapter 8) illustrate the plant usage for quality control and  the analysis of the
“core” or central veneer zones (AS 060-1956) to ensure that a preservative  penetration was
adequate.
Sodium fluoride is slower in diffusion than boron salts and is more sensitive to water
hardness. Over the same period, a survey (including analytical sampling) of 10 veneer mills
in North Queensland showed,  though the salt usage / unit area of veneer was at, or above
the assessed level, 40% of the veneers to 3mm thickness, sampled prior to machine (high
temperature) seasoning (Sections 7.6, 7.8, Chapter 7), were under-treated in the “core”,
with typical values of 0.05% (m/m, starch positive, o.d. basis), or less, of sodium fluoride.
Subsequent research by the author confirmed low “core” values were primarily related to
the solubility problems associated with sodium fluoride in hard waters resulting in
precipitation, with a lower level of soluble salt in solution, and  caused a high  surface
deposition of insoluble fluoride salts (mainly calcium) on veneers.  However, (cf. Chapter
7) all mills tested in the survey operated machine driers at high temperatures such that
negative starch tests were found after drying and veneer final moisture contents were about
3% mc or less.
 As the result of the seasoning conditions, no Lyctus infestation occurred. Solubility
137
problems, water quality in relation to preservatives additional to sodium fluoride, and plant
quality control, are discussed in Chapter 10.
As a consequence of these problems (cf. Chapter 10), the veneer industry, particularly
in North Queensland, made a change  to aldrin and/or dieldrin emulsions (cf. author’s note,
Section 8.x.a.i, Chapter 8) for product treatments.
9.x.ii.  Toxicity of wood preservatives, other than boron compounds and sodium
fluoride, to Lyctus spp.
Additional to  the standard boron and fluoride compounds,  other preservatives became
available and, independent of (cf. Introduction) protection against other hazards, each was
required to preserve susceptible timber against Lyctus attack. These (Chapter 10) included
multisalt, general purpose, waterborne mixtures, a number of dip diffusion salts, and two
chlorinated hydrocarbons, with others nominated in AS 1604-1980. Assessments (cf.
Introduction) by the Preservation and Fire Retardent Committees were made to State
authorities and SAA Committees.
9.xi. Relationship of sites of starch in wood, and its availability to Lyctus.
The author has emphasised preservative deposition sites (Chapters 8, 12) are restricted
to vessels, to radial and vertical parenchyma tissues, but the natural starch distribution  (and
concentration) is  restricted only to parenchyma (mainly radial) tissue. Examination of
Lyctus larval borings show they are approximately parallel with the longitudinal axes of
vessels.
In view of the limited sites of starch distribution when compared to larval digestion of
total wood tissues, the author examined a large range of infested specimens to confirm these
deductions. There is an “enlargement” of the “diameter” of the vessel (which may be
described as “empty” and “not containing starch”) by digestion of wood fibres, assumed  to
be for larval growth and access (for nutrient) to rays and to vertical parenchyma, through
the development of these borings. Tunnels are of the order of 2-3mm diameter and up to
50mm length. They are variable with species of timber (Table 27), and concentrations of
starch in the wood. A typical larval boring may include a number of  vessels, but this ratio
porosity. It is significant that
borings are perpendicular to the radial tissue and, in consequence, only a small fraction of
the total starch in any ray is consumed by a single larva during boring. In addition, relative
concentrations of nutrients (and preservative) are functions of the wood mass digested.
When multiple larval infestations occur, there is almost complete destruction of the section,
but the above conclusions are still considered applicable. It appeared the quantity of wood
digested is a function, not only of the nutrient (eg. starch), but also of wood density, and is
illustrated by the following calculation;
The mean sapwood density (Appendix 27) of Queensland species is 700 kg./m.3 (i.e.
0.700 mg./mm.3). Based on the writer’s studies, an average larval boring will be 3mm
diameter x 50 mm length, and the typical larva will consume an amount (o.d.) of wood of
the order of 250 mg.
Variable distributions of natural and impregnated starch sites  in different wood
tissues and density effects become important when nutrients are impregnated (cf. “sites of
deposition”, Chapter 12) into timbers for evaluation.
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9.xi.i. Research, into particularly the nutrients, should evaluate their distribution in
wood, and the density, as major factors in performance. This is illustrated by nutrition
impregnation studies by Gay (1950). That worker impregnated starch into acid hydrolysed,
small specimens of white cheesewood, Alstonia scholaris, and  mountain ash,  Eucalyptus
regnans. After nutritional exposure, Gay reported a starch concentration requirement of
4.0% for white cheesewood, but a starch value of only 2.0% for mountain ash. This major
difference between the two species for effective nutrient starch concentrations, conflicted
with evidence on starch determinations quoted (Sections  9.7.iii-iv, 9.8, and Chapters 4, 6,
8) by this writer, though species differences do occur.
Some effects may be due to preliminary acid hydrolysis, but, particularly for white
cheesewood (and similarly for mountain ash), this writer suggests the apparent anomaly in
starch concentrations found effective may be related to sites of starch deposition when
impregnated into the timber specimens. Impregnation deposits the starch mainly into vessel
lumina, with lower concentrations in  radial tissues. Thus, this writer suggested that, in those
investigations, starch concentrations present in each of the two species were functions of
the diameters of their vessel lumen, and hence not principally the ray cells. In addition, as
wood mass digested depends on the density, and on which both total starch concentration,
and mass of starch consumed, are determined,   there should be a relationship between the
separate porosity values of the two species, and their densities, with the nominated starch
concentrations required for the larval nutrition.
This hypothesis could be tested by use of the Specific Vessel Void Volume, “SVV.”,
and the Specific Vessel Void Concentration, “Sc”,Concepts (Chapter 12), of which one use
(Chapters 3, 8) has been described. If the writer’s proposition was valid, then the two
disparate starch concentrations for the white cheesewood and mountain ash could be
reconciled.
As the material under report by Gay was treated in small sections, resistance to fluid
flow (Chapters 12, 14) was negligible. Effective retentions of equivalent dry starch for both
the white cheesewood and mountain ash were at a maximum.
If the hypothesis is correct, concentrations of starch  should  be reconcilable with the
respective  calculated  values of “Sc” for the two  species. This premise was tested with
assumptions, and results, as below;
a. as comparison is based on a ratio, the conceptual value of “P”, which is the pore count
per mm2 2.
b. normal published mean vessel diameters, and densities,  are used in this example.
c. If the Specific Vessel Void Concentration, “Sc”, (when expressed in the percentage
mode) of the starch for each species is represented as “STx”, where the subscript “x” denotes
the species (also for the other parameters), respectively “m” for mountain ash, and “w” for
white cheesewood, then;-
STm% = { (Pm x Am) / (Pw x Aw) } x (Dw / Dm) x ( STw %)
where ST = Starch concentration as percentage.
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P  = Pore count / 20 mm2.
A  =  estimated lumen volume (mm3) based
on equivalent circular lumen diameter “d”.
D  = Density (at 12% M.C.).
Substituting published values:-
STm% = {(110 x 32.697)/ (70 x 69.307)} x  (480 / 678.4) x 4.0
= 2.089% (for mountain ash)
This calculated result is in good agreement with Gay’s finding of 2.0% for  mountain
ash  material. As such it is considered Gay’s sites of starch deposition by impregnation were
“atypical” compared to natural sites, and the writer’s hypothesis in terms of differences for
impregnation sites of starch is confirmed.
9.xii. General conclusions.
Although there are a number of aspects which are unclarified, this writer considers
that, with certain qualifications, the initial Australian conclusions were valid and of
adequate scientific basis to classify timber susceptibility. Three points appear to be
justifiably criticised. These are:-
(a) excessive reliance was placed on mean vessel diameter as  the major structural
criterion for  susceptibility to Lyctus
by the North Queensland experience, an insufficient recognition of Lyctus decidens, though
Brimblecombe (1956) had specificially discussed its occurrence. There were discrepancies
(Cummins and Wilson,  1934) when “stock” specimens (with positive Lyctus attack) were
used to assess, and to nominate, the critical “pore diameter” dimensions relative to either
insect ovipositor, or egg diameter. As suggested in the text, the  conflict on pore size can
be resolved in terms of its relationship to the ovipositor diameter, with the minimum (56
microns) being used as the criterion in terms of wood porosity.
(b) inadequate studies were made of the starch, and its fractions, as well as other
carbohydrates (other than cellulose) present in wood. There was excessive critical reliance,
as the procedure had been initially practiced (Chapter 4), on an iodine/potassium iodide (I/
KI) test for the qualitative determination of presence of, and the quantitative grading of
concentrations for, wood starch. This over reliance applied to especially the requirements
(Chapters 2, 4) of “zero”, or “trace”, starch grades.
(c) Assumptions were made that preservatives acted as a toxicant to larval develop-
ment without examination of  fundamental causes; no studies were made to ascertain if
preservative effectiveness was due to mechanical blockage  inhibiting oviposition (Tooke,
1949),or to “poisoning” of any enzymes present in the larvae, or, alternatively, a reaction
with the carbohydrates to prevent enzymolysis.
However operationally, and legally, these factors did not invalidate either the
development of the industry, nor inhibit the effective utilisation of species which had not
been previously marketed due to hazards from Lyctus.
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CHAPTER 10
ASPECTS OF UTILISATION OF PRESERVATIVES UNDER QUEENSLAND
CONDITIONS. DEVELOPMENT OF EFFECTIVE PLANT CONTROL.
10.1. In commercial application of, especially, timber preservatives, six major criteria
must be considered and, where necessary, appropriate research conducted to clarify
whether those criteria can be adequately met, and if so, under what conditions, and with
what amendments. It was this writer’s experience, in preservation and fields such as wood
chemistry or plywood and veneer manufacture, that for products found promising under
laboratory study, a ratio of about 1:3 satisfied some of these criteria, but only about 30%
of these latter were acceptable under service conditions.
10.1.i. These criteria were;
a. toxicity of the preservative against the anticipated hazard(s) of service. In practice,
the evidence was evaluated (Chapter 9) by specialist entomologists or pathologists. Under
Australian conditions, results were reported to, discussed, and accepted,  by the Conference
(cf. Introduction) or its appropriate Committees and were promulgated for the States
legislation and/or SAA documents.
b. industrial aspects, including health and pollution, but also involving end-usage of
treated products, and their suitability for subsequent utilisation with effects on factors
involved such as paintability and gluability.
c. compatibility wih materials of plant construction such that maximum flexibility was
available. Corrosion of service metal fittings (eg. crossarm bolts) was involved.
d. flexibility under local conditions of treatment, such as water qualities, ambient
temperatures;  alternatively, to be capable of suitable technological amendment to meet
these criteria.
e. for Queensland climatic conditions, susceptibilities  of particularly rainforest
species to sapstain organisms, required preservative compatibility with one, or more,
commercially available fungicide of known efficacy.
f. suitable control for the laboratory, for under field and plant operator status, such that
legal penetration requirements and economic production can be met.
Especially criteria a, b, f, must be to a level (Chapter 2) provable under legal
examinations, and for  industrial health they must additionally meet requirements of other
appropriate regulatory departments. As toxicity relative to, particularly, Lyctus has been
explored in Chapter 9, with relation to fluorine and boron compounds and the position
nominated relative to other preservatives under discussion, that aspect will not be extended,
except for  specific reference where such is necessary  to clarify utilisation of that product.
Additional to these six are the common factors, present in all commercially involved,
and for market oriented, industries, of economics of the total operation, and, importantly,
acceptance of the product by both producers and users. Other than several specific
references, this aspect will not be elaborated on further in this context. For research into
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development of conditions satisfying requirement (f), the detailed discussion will be
centred in this chapter on the boron salts by open tank systems. Applications  of those
procedures and control parameters, as developed, to others, especially the multisalts, will
be demonstrated. As general principles of diffusion, and other treatment systems were
discussed in Chapter 8, they will not be further examined in this chapter.
10.1.i.i. Prior to a discussion (Parts 10. 3, et seq.) of the individual preservatives, their
general properties in relation to nominated criteria are shown in Table 28, appendix 17. The
following comments and classification of aspects of the nominated criteria apply under
Queensland conditions.
10.1.i.i.i.  materials of plant construction.
a. ferrous metals.
b. brazing materials - zinc depletion, copper sheeting.
c. concrete.
d. timber.
Note;  For boric acid, Cunmmins (1939), Gregory (1942), pointed out  complete
restrictions on ferrous materials, with severe reservations on use of unprotected concrete.
Young (1946c) described the initial plant (T.W. Brandon and Sons), which was
constructed of reinforced concrete with copper lining and timber load bearers. Boric acid
was found to deplete high zinc concentrations in brazing alloys used for protective copper
“linings” over the reinforced concrete. The writer (Cokley, 1948c), based on recommenda-
tions made by Young, demonstrated good quality reinforced concrete, with adequate
coverage of the reinforcing steel rods, was suitable for boric acid, and the borax family,
without a protective lining. Durable species were extensively used to construct  treatment
plants (Appendix 14) in timber with joints between planks similar to those used for
cooperage or boat building.
10.1.i.i.ii. fungicides.
None of the conventional fungicides was compatible with acid (eg. boric acid)
solutions.These included phenyl mercuric acetate (P.M.A.), originally used for sapstain
control (but rapidly deleted due to significant health hazards for operators and restrictions
in end uses), salicylanilide (also the sodium compound, Shirlan W.S.), the chlorinated
phenols, namely trichlorophenol (T.C.P.) or pentachlorophenol (P.C.P.), in the form of
their sodium salts.
Boric acid itself was not effective in sapstain control (Cokley and Young, 1948). Use
of, especially, rainforest species depended on an effective control. Young (1946d) reported
high levels of T.C.P. volatiles (also confirmed for P.C.P.), during operation of, particularly,
plants using boric acid with steam/ cold quench, or hot and cold based treatments (Appendix
14). No effective sapstain control was given by chlorinated phenol fungicides (as the
sodium salt) when used with boric acid treatments. Extreme problems arose in North
Queensland plants, and the timber preservation industry and effective resource usage in
tropical areas were at risk unless an early and  satisfactory answer to the problem was
developed.
Research by the writer, established (Cokley, 1947c) the critical pH of precipitation of
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T.C.P. (from the sodium salt solution) was pH 6.82 (multiple determinations), below which
solubility  fell (cf. table 17, Chapter 8) to ppm values. Results for P.C.P. were of the same
order. Vapour pressures of free T.C.P. and P.C.P. were high (see above) and significant
concentrations were measurable at 600 C.
With conversion to borax (Cokley, 1948d) as preservative, these problems were
overcome. The chlorinated phenols, as sodium salts, were restricted in concentration such
that, for direct sapstain control a maximum of 0.5% m/v (and in alkaline solution), but, when
used in conjunction with borax treatments for immunisation, general concentrations of
0.2% m/v were suitable.  Based on the hazard risk, an effective level of sodium P.C.P. in
these solutions could be reduced to 0.01-0.02% m/v of active fungicide.
Author’s note; originally the chlorinated phenols were regarded as being primarily
dermatitic hazards. However, when used as  weedicides  at high concentrations (5% m/v),
it was confirmed (not referenced) by Professor D. Gordon, then the Queensland State
Industrial Medical Officer, that several cases of lethal toxic poisoning which occurred near
Tully, North Queensland, were due to high concentrations of P.C.P. The writer co-operated
with him in a severe medical (P.C.P.) effects case affecting a plant/kiln operator in North
Queensland, who was poisoned  by repeated  exposure (operator incorrectly entered a hot
kiln to remove moisture content samples) to free P.C.P. concentrations (cumulative in the
body) which volatilised during kiln seasoning of “green-out-of-vat” preservative stock (cf.
P.C.P. glueline studies [Appendix 14]).
Similarly taint in fruit containers was a problem unless  the solution was kept alkaline
(advised by the writer to be based on tests of the solution using phenolphthalein indicator)
and post-treatment seasoning was given.
10.2. Water quality in Queensland.
Water hardness quality (Simmonds, 1962) varies over a wide range, from 28 ppm
(Ravenshoe, North Queensland) to nominally 288 at Eidsvold (but it often exceeded 400
ppm, dependent on weather), and in many towns rising to 1000 ppm (some plants operated
on underground, or bore, water supplies, where dissolved salts/ hardness was high). Floods
in water catchments affected water quality in many town supplies. All preservatives were
sensitive to water hardness, and their reactions required constant study.
Processes using solution heating were less sensitive due to general removal of
“temporary hardness”. Water quality became very important in the mixing of, and the
10.3. Principal preservatives used in Queensland.
They were;
a. fluorine compounds - sodium fluoride, though some further discussion of
silicofluorides is pertinant. The use of, and treatment policies for, BFCA (boron/fluorine)
formulations in Papua New Guinea are examined.
b. boric acid, sodium borates and mixtures. As these were described, and the
compounds cited in Tables 17, 18, with penetration performances compared in Table 19
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(Chapter 8), only their relativity to listed criteria is stated.
d. waterborne emulsions of two chlorinated hydrocarbons, specifically aldrin and
dieldrin (later chlordane).
e. special cases used copper (or zinc) naphthenate in a light organic solvent (LOSP)
and usually in association with a chlorinated hydrocarbon as an insecticide.
f. pentachlorophenol in heavy oil (and with insecticide) was used in special semi-
research/commercial applications under the direct control of the author’s laboratory for
treatment of experimental engineering timbers, such as   girders, transmission power poles,
and rail sleepers. Pentachlorophenol (5% m/v in distillate) was one chemical used for
ground-line maintenance  of transmission poles against soft rots (Chapter 15), until an
industrial court ruling (Rockhampton, not referenced), circa 1979, decided its use should
be discontinued for health reasons. The sodium salts of pentachlorophenol and trichlorophenol
were both initially used as fungicides, but  the latter was rapidly phased out as a
recommended sapstain control.
10.4. The following specific comments apply to the five major salts, or mixtures, used.
10.4.i. Fluorine compounds.
These compounds are the bases of a large number of overseas formulations. This is
evidenced by the extensive literature and commercial patents. Van Groenou et al. (1951)
gave an excellent review to about 1950.
10.4.i.i. Sodium silicofluoride.
Though initially proposed, but not used due to its unacceptible health risks, this salt
did play a role in organisation of timber preservation, and an understanding of the sequences
of preservatives is influenced by that salt. Studies had shown that zinc chloride did not stop
attack at the larval stage of Lyctus and hence further chemicals were tested (Cummins and
Wilson, 1936). Due to associated health problems of the sodium fluosilicate, Cummins
(1939) advised the alternative of sodium fluoride (NaF), but adopted boric acid.
In later years, Johnstone (1974a, 1974b) and Tamblyn (1974a, 1974c) again proposed
respectively the use of the sodium silicofluoride and the use of the zinc salt. The former was
based on a higher fluorine content, and the latter on better solubility. Sodium silicofluoride
has an effective solubility of less than 0.5% m/v (Handbook of Chemistry and Physics,
1967-68) in water and is also critically affected by water hardness (calcium and magne-
sium). As penetration is a function of salt (ionic) concentration, higher fluorine concentra-
tion is not gained in practice.
10.4.i.ii. Sodium fluoride.
In 1949, the author examined (Cokley, 1949f) aspects of use of sodium fluoride as a
treatment for sawn timber. Using medium hardness water (Brisbane, 100 ppm), problems
in dissolving this salt were due to formation of a “gel” coated with insoluble calcium and
magnesium salts; this was related to the small (< 5%) percentage of sodium silicofluoride
generally present in the commercial high purity grades of this material. The problems of
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effective solubility (Section 10.4.i.iv) of the sodium fluoride for use with borax and
prevention of corrosion of ferrous and brass fittingswere overcome by its pre-solution  with
sodium polyphosphate compounds, which were used as alkaline buffers against water
hardness. Subsequent to 1955, the veneer industry adopted sodium fluoride for products
glued with phenolic adhesives, but changed (Chapter 9) to chlorinated hydrocarbons.
Nominal solubility of sodium fluoride (at normal ambient temperatures) is 4% m/v, but
in practice only  a maximum concentration between 2.5% and 3.0% m/v (very dependent
on the water quality) was attainable. Problems of Lyctus infestation (Chapter 9) arose.
10.4.i.ii.i. pH of sodium fluoride treatment solutions and their use with ferrous
materials and fungicides.
a. Particularly when wood extractives were present, the pH of the sodium fluoride
solution fell to around pH 5-6 and reaction between soluble (from corrosion) iron salts with
extractive polyphenols produced a black precipitate which absorbed fluoride and stained
the treated products.
b. due to solution pH conditions (<pH 6), fungicides, eg. sodium pentachlorophenate,
are unstable when used with sodium fluoride solutions. Borax, or a similar alkaline buffer,
is necessary.
The writer found, similar to boric acid, that under acid pH conditions of sodium
fluoride, including when BFCA formulations were tested, the fungicide was only slightly
soluble and is, in practice, deposited as a suspension on the board surface rather than as a
solution. For timber treated by  Dip Diffusion (Chapter 8, Appendix 14) with these types
of formulations, and stored “green-out-of- dip” under “block stack” (Appendix 14)
conditions in a humidity chamber, or in seasoning kilns, the relatively high vapour pressure
of free pentachlorophenol retards “sap stains” as a fumigant. Until clarified chemically, and
medically, this vapour effect caused assumptions to be made on its efficacy in these
solutions
10.4.i.ii.ii. Change, or volatility, of sodium fluoride.
Richardson (1972) makes reference to hydrolysis of fluorides in wood at low moisture
contents - below fibre saturation (FSP) - even when bifluorides are not included in
formulations. That worker attributes some penetration to the gaseous phase.
For local species, within standard deviations of the then  analytical limits available,
namely +/- 0.03% o.d. m/m in wood, the writer was unable to confirm that claim, even when
comparing (before and after drying) veneers, treated with fluoride, which (after a
“blockstacking” period [Appendix 14]) were subjected to high temperature drying sched-
ules.
10.4.i.iii. Developments in usage of sodium fluoride.
a. Fluoride offered no technical advantage over the boron salts as a simple preservative
for use against Lyctus. It was approximately 50% dearer / 25kg of salt.
b. Schedules, and hence operating costs, are more severe; plant control, outside of a
chemical laboratory facility, is difficult. The solution stability is not good, and is markedly
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dependent on temperature and water quality.
c. The potential usage of fluoride, was considered by some  workers to be primarily
as a component in multisalt compound (eg. BFCA) formulations. Johanson (1958, 1963,
1974) examined the chemistry of copper, fluorine, boron and arsenic formulations as
multisalt mixtures. BFCA is used for treatment in Papua New Guinea (Levy et al. 1972,
Pilotti, 1991).
10.4.i.iv. Use of sodium fluoride as a mixed preservative with borax.
In early 1974, due to a world-wide shortage of boron salts, a number of treatment plants
in both Queensland and Northern New South Wales were unable to continue commercial
preservation. Supplies of sodium fluoride were available. The writer successfully substi-
tuted a mixed formulation with borax (3:1 in terms of sodium fluoride) in both vacuum
pressure cylinders and open tank treatment by the hot and cold process, such substitution
being made only where alternative facilities, such as copper-chrome-arsenic (CCA)
multisalts were not available, or where utilisation needs precluded their use. Results
illustrate chemical reactivity (Section 8.xii, Chapter 8).
a. Based on previous experience, a procedure (Queensland Forest Service, 1974) was
evolved of pre-dissolving the sodium fluoride separately (Section 10.4.i.ii), in water  with
a surfactant and a “polyphosphate water softening” formulation (marketed for boiler water
treatments). This fluoride solution was blended into existing borax solutions.
b. Equivalent vacuum/pressure schedules and temperature maintenance times based
on borax, were increased by 25%. The presence of fluorides caused interference in boron
estimations. As reliability of spot tests for fluoride in wood are variable, matching untreated
specimens from the same boards in the charge were also tested.  Confirmatory tests were
made after alkaline ashing and distillation, followed by spot-testing and analysis.
c. Presence of fluoride in the above ratio, over a large range of plants and species, did
significantly increase (cf. Table 21, Chapter 8) rates of penetration of the borate, but not the
fluoride, ion. Evidence indicated a species effect was present, especially in low density
rainforest timbers. In a typical 25mm thick board of white cheesewood, Alstonia scholaris,
the required minimum of 0.20% o.d. m/m (equivalent boric acid) was attained at an effective
solution concentration of 0.6-0.8% m/v (as boric acid).
This did not occur in heavy species (group 2B) to the same degree. It is suggested this
total effect, i.e. poor penetration rate of fluoride, and increase in that of the borate, is due
(Chapter 8) to formation of calcium and magnesium fluorides in treated timber. Levy et al.
10.5. Preservative treatments in Papua New Guinea.
The various treatment processes have been examined in Appendix 14, and theoretical
bases of diffusion, thermal, and vacuum pressure systems, discussed in Chapter 8. In this
evaluation of preservatives it is appropriate to compare the special case of BFCA usage in
Papua New Guinea. There has been an almost total dependence by the timber preservation
industry in that country on Dip Diffusion and on the use of multiple salt component BFCA
formulations (Levy et al. 1972, Pilottii, 1991).
An initial (circa 1957) specification for klinkii pine (Ar. hunsteinii), with a 5
component salt formulation, required total penetration for 25mm thickness, and it was to
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be substantially complete for 50mm.
 For timber which was thicker than 50mm, penetration of preservative should be at
least 12mm. There was the additional requirement that any untreated wood exposed in
subsequent cutting or machining should be coated with a preservative in a light organic oil
solvent (Levy et. al. 1972, p. 14).
It is further desirable to briefly indicate the apparent reasons for  variation in
requirements (Papua New Guinea) to those which were effectively operating on similar
species, for equivalent hazards and climatic, or terrain, problems in this State and New
South Wales and reasons to differ from  earlier conclusions of the Forest Products
Conferences on which that country was represented (and later was also a member of the
Preservation Committee). The differences are important in that the industry in Papua New
Guinea sought to market in Australia, where (Chapter 2) States legislation, and Australian
Standards, applied.
This dependence was due to the assumption (Levy et al. [1972]) made when Tamblyn
et al. (1968, n.r.) indicated that “ 70% of timbers likely to be treated could not be penetrated
satisfactorily in the heartwood by pressure treatment methods  using either fixed or unfixed
preservatives”. This statement was interpreted to imply both that an effective heartwood
penetration could be achieved, and on the ability of Dip Diffusion (and salts) to do so.
To this were added policy (Levy et. al. 1972) decisions, which, in summary, resulted
in;
i. an assumption that due to species ranges, terrain, variable competence of plant staff,
a single treatment regimen should apply irrespective of sapwood/ heartwood.
ii. aim of ensuring “treated (including heartwood) timber must have a durability
approaching, or equal to, the most durable species available in protected situations.”
iii. a “core” loading requirement was thought unnecessary as adequate protection
would be given by a “continuous envelope” of preservative (nominated as 12mm) and a
“core” of 0.2% boric acid would be almost be impossible to achieve. The costs would far
exceed any benefits which could be achieved.
iv. it was also assumed that “timbers where diffusion was likely to be limited were
generally fairly durable”.
“Sapwood of all species could be considered of extremely low durability but would be
As termite and decay control were considered necessary, the consequent choice was
a six component (initially five) formulation, incorporating boric acid, boric oxide, anhy-
drous borax, sodium fluoride, anhydrous arsenic pentoxide, and sodium dichromate. This
product was commercially manufactured in Australia under a CSIRO licence and was used
at a total concentration of 40% m/v, equal to 25% boric acid equivalent, and  with
measurement by hydrometer. Treatment was made mandatory by regulation in specifica-
tions and later “P.N.G. Building Ordinance, 1971” was introduced (Levy et al., 1972).
Proponents of multicomponent formulations such as BFCA,  did not appear to
recognise effects where the separate components were widely variable in both diffusion
characteristics and in reactivity with timbers. This was accentuated by wide complexities
of, and large numbers of, timber species involved. Research and commercial data on
treatments (Levy et. al., 1972) confirmed these problems, and have not justified original
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assumptions.
 These differences apply in terms of both penetration and of concentration of
components. For components other for boron, effective penetration depths of only 2-3mm
are cited, and for that component, extremely variable depths of effective retentions. For
depths of that order, subsequent checks, surface machining, or deep machining for a product
profile, would exceed treated areas.
Later research, including omission of the dichromate, gave varying results dependent
on species. The process is influenced by surface moisture contents (Pilottii, 1991).
10.6. Boric Acid and Sodium Borates.
The relativity of these boron compounds and their properties in terms of penetration
into timbers have been examined in Tables 17, 18, 19 (Chapter 8). It was shown that alkaline
boron compounds are very mobile penetrants.
10.6.i. The low pH values of boric acid restricted (Chapter 1,  Appendix 14) expansion
of the preservation industry. That restriction was due to limitations on the use of a wide
range of plant constructional materials,  and a lack of compatibility with effective
fungicides.
10.6.i.i  Volatility of Boric acid.
This preservative is steam volatile, nominally at boiling point, but it was determined
that critical temperatures for loss were below 100o C., and were  functions of the vapour
pressures, the solution concentrations and pH. At 85-90o C., as was initially used for sawn
timber (Young, 1946b,c), or 100o
losses were significant. Brimblecombe and Cook (1945) reported there were progressive
changes [cf. Section 10.7 (b)] in sawn timber treatments by the Hot Immersion processes.
Loss caused from volatility was confirmed by this writer, who found salt loss occurred when
control measurements were made on heated treatment plant solutions not containing timber.
Volatility does not occur when, as for borax homologues, the solution pH is  kept alkaline.
This writer suggests variability of toxicities  between boric acid and borax mixtures (Table
26, Chapter 9), reported by Cummins (1939), may be influenced by this factor. This
volatility of boric acid was one reason for research by the author on;
(a) effective temperatures of treatment by the thermal processes and reduction to 70oC.
(b) residual preservative values, and redistribution, after subsequent processing,
including kiln drying (sawn timber, veneers and plywood).
Author’s note; particularly in North Queensland, kiln drying of “green-off-saw, or ex-
vat” sawn timber was practiced in the “wet season”. Severe corrosion of ferrous fittings in
kilns was noted from volatilisation of boric acid. For kiln drying, the problem was mitigated
to non-significant levels by adoption of initial lower temperature seasoning schedules until
the original high moisture contents were substantially reduced. It is to be noted that,
subsequent to impregnation (Chapter 8), borax and its homologues behaved similarly to
boric acid in sawn timbers for other than surface (and outer layer) pH values.
(c) when that research was combined with other evidence, as discussed in Chapter 7
(effects on starch), it led to conclusions stated in that chapter re non-susceptibility to Lyctus
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after high temperature machine drying, and hot press operations, in veneer and plywood
manufacture.
With adoption of borax (Cokley, 1948d) and  homologues, with the exception of
volatility from products of high moisture content (“green-ex-vat”) when subjected to kiln
drying (see above), limitations were no longer applicable (cf. Introduction, Chapter 1) and
the industry expanded rapidly. The first steel commercial plants were a fuel fired one
operated by a furniture manufacturer in Brisbane, a steel steam/cold quench at Tully, North
Queensland, and three steel hot and cold ones based at Toowoomba, South Queensland. At
the same time a steel vat using borax was installed at Wiangaree, Northern New South
Wales. The industry expanded (Map 3) from these.
10.6.i.i.i.   Solubility Problems.
a. Initial solubility problems and requirements of boric acid were masked by its early
use for veneer in small quantities and volumes, or for sawn timber (pilot scale only), by
treatments using “Hot Maintenance”, or high temperature hot and cold processes. Major
difficulties related to effects of the temperature of solutions and of physical mesh size of the
product. As a result, for ambient temperature processes, or for colder climates, a minimum
operating temperature restriction was imposed.
b. The principal difficulties for all boron compounds was related to the degree of
hydration ranging from boric oxide (Table 17) to anhydrous borax, and they were present,
including when heat was used to dissolve salts. Research showed the solubility difficulties,
especially for anhydrous, or low water of hydration, formulations were caused by water
quality, wettability problems, by a fine  mesh size of the product, and effects of “particle
aggregation”. When encountered, those types of anhydrous (or low degree of hydration)
products required a “beating action” in a pre-dissolving mixer to achieve maximum
solubility.  Bulk storage of salts under warm, dry conditions may cause “lumping” and
reversal of hydration of borax decahydate  to mixed pentahydrate and dihydrate. The latter
product was often very difficult to dissolve.
10.6.ii. Problems with waste.
10.6.ii.i. Use of treated waste as fuel.
Particularly at the high solution concentrations (3-4% m/v) used in early treatments for
both veneers and sawn timbers, high surface concentrations of boric acid were present. They
were removed (cf. Section 10.6.iii.- use with adhesives) in later processing.
Three results emerged, namely;
a. as boron salts are very effective  as “fire retardent treatments” at higher levels of
concentration, combustion as fuel was affected.
b. when “sander dust” from plywood, using veneers treated by boric acid, was burned
in special incinerators, termed “Beehive”, or “McCashney”, corrosion of the firebricks was
prevalent.
c. used as boiler fuel, at the higher temperature, where nominally the fire retardent
effect was reduced, the result was a low temperature fusible “clinker ash” (Cokley, 1946).
That “clinker” fused across the firebox bars preventing air access and igniton. Addition of
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slaked lime (160 kg /tonne of waste) (Young, 1946), use of low temperature, steam injected,
firebars alleviated this.The general cause was similar to phosphate in bagasse(sugar mill
fuel) and silica in species such as brush box, Tristania conferta and satinay, Syncarpia
hillii from Fraser Island and milled in Maryborough.
10.6.ii.ii. A common practice was for gardeners to use untreated boiler ash as fertiliser
for crops or gardens. Use  of treated boiler ash, with high levels of boron, as fertiliser,
presented contamination problems in soils and in market gardens.  When mills installed
treatments, such uses resulted in severe damage to gardens, to plants (including a “prize
pawpaw” owned by a work associate of the writer) and commercial crops.
10.6.iii. Use of adhesives with boron compounds.
In early use with alkaline adhesives, problems of salt concentration or wettability of
veneers, were minimal.  In co-operation with plymillers, the author confirmed  a phenolic
resin based film, “Tego”, reacted adversely. That was particularly associated with the high
surface concentrations of boric acid (Hot Immersion process), such that veneers treated
with boron salts were not used commercially for that operation.
Subsequently (1947-1949) adhesives used in the plywood industry changed progres-
sively to urea formaldehyde resins (catalysed by strong acids, such as hydrochloric, and
with excess formaldehyde), to melamine resins (liquid and film), resorcinol-formaldehyde,
phenol-formaldehyde resins (this latter in both liquid and film).
Difficulties, not present with casein, in wettability by the adhesives (Appendix 15)
arose.  Over the same period treatment changed to use of the Momentary Dip (Chapter 8,
Appendix 14), and where this author modified the initial process (Tamblyn, 1949), not only
to increase production, but principally to remove excess surface  concentrations.
10.6.iii.i. Certain theoretical questions were raised by southern research workers.
These related to process gluing applications with some urea, melamine and phenolic
adhesives, and discolouration of solutions (thus veneers). The queries arose (Gordon, 1949,
Huddleston, 1952, Division of Wood Technology, 1954, 1956, Hirst and Johanson, 1958)
with respect to usage of veneers treated with borax with phenolic resin adhesives (see above
re “Tego” film). It eventuated that the major problem was with a film type phenolic adhesive
and one liquid phenolic resin glue. Work by the Division of Forest Products showed (cf.
process change to Momentary Dip) a maximum surface retention of boron salt of 0.5% m/
m (boric acid), was significant. No gluing problems existed with other commercial resins.
Wettability of veneer was improved by borax.  One plywood manufacturer, Ralph
Symonds, in Sydney - with a strong research team - manufactured his own phenolic film,
These queries were clarified by a co-operative large scale research and industry study
(The Queensland Forest Service, 1951, Cokley and Rees, 1953, 1958). Parties included
adhesive manufacturers, with independent assessment of the plywood by the Plywood
Association. The results did not support contentions on gluing problems. Borax, and its
homologues, were fully compatible.
10.6.iii.ii. Adoption of alternative preservatives and practices for veneers to be used
with phenolic adhesives.
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As the principal market for North Queensland veneers was in the southern states, this
writer (Cokley, 1955) recommended approval of sodium fluoride for veneer mills, but also
advocated neither preservative was advisable for phenolic glued products. The writer
pointed out such products were for external purposes and (Downes, 1955) the preservatives
(boron salts and sodium fluoride) used would be susceptible to leaching. This was approved
by the Department. Due to problems associated with sodium fluoride (refer Chapter 9), the
industry, which also required termite control treatments, changed to emulsions (Chapter 8)
of dieldrin and aldrin.
10.6.iv. Discolouration of treatment solutions.
This was (Section 8.xii.ii.i, Chapter 8) quantitatively investigated by the author using
a Lovibond Tintometer. The research showed that, irrespective of whether boric acid, or
borax, was used, an equilibrium condition was reached such that borax solutions were not
significantly different in colour to boric acid solutions.
10.6.iv.i. Pollution (including odour) problems.
Particularly for hot immersion treatment of veneers, but extended to sawn timber,
when using boric acid, extracts from veneers, and fine particulate matter (sawdust) in a
solution resulted in a sludge or “nutrient broth” at the bottom of the vat (Plate 1) and
bacterial decomposition resulted in an unpleasant “odour” when these solutions were left
for a short period. For veneers, as small volumes (600 - 800 litres) were involved, solutions
were consequently changed frequently and this, rather than discolouration, was a principal
cause for rapid solution turnover. This condition related to the high surface (2m x 1m) to
thickness (1.5mm to 3mm) ratio  exposed to boric acid (pH 5-6) extraction at 100 oC. for
20-40 mins, and could be readily reproduced under laboratory conditions.
As the modified “momentary dip” (Plate 2) used a freshly prepared solution of borax,
the problem did not arise. For sawn timber, prior to adoption of the borax family which
enabled incorporation of sodium pentachlorophenate in solutions and which inhibited
bacterial decomposition,  the “odour” problem, using boric acid and with processes other
than the “hot immersion”, was much less significant (change in relative surface/thickness
ratios and times of exposure to elevated temperatures [Chapters 8, 12, 13]). Adoption of
lower temperatures (70 oC) in treatment reduced levels of extractives. However the large
volumes of solution (5,000-20,000+ litres) resulted in the writer undertaking research into
remedial measures. A change to  borax and fungicide (sodium P.C.P.), removed the
problem.
10.6.iv.i.i. Clarification and bleaching of solutions.
a. Excessive sludge retarded preservative penetration and “de-sludging” was a
standard practice. For certain species, eg. white cheesewood, the “white appearance” was
a market advantage for uses such as “pattern making” or furniture and, where the treatment
of mixed species was necessary by a plant, to ensure a “clear solution” for these special
products, the writer studied clarification, bleaching and “de-sludging” of solutions as a
commercial operation (cf. b. below). Optimum procedure was addition of a “slaked lime”
slurry to the solution, which was allowed to settle. Some loss of boric acid due to
precipitation as the calcium salt was found, but, in practice, “sludge” and discolouration
were preferentially removed. After a “settlement” period, clear supernatant solution was
filtered through cotton and linen screens in a wooden frame, connected to a low pressure
pump. The precipitated material was dried and disposed of under local authority require-
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ments.
b. subsequent to conversion to borax homologues, the writer used sodium perborate
(Table 17, Chapter 8) as an effective bleach and clarifier. For special veneer products, this
compound was used in the “momentary dip” to reduce natural colour of the veneers.
10.7. Plant control, “Diffusion loss” from solutions and reconciliation of salt usage for
boron compounds.
(a) The aspects of laboratory and plant analytical control are separately examined
(Chapter 11). However, in this context, the method of “reconciling” estimated salt usage
from a treatment solution is significant. The principles and practices developed as a result
of the writer’s research, effectively established the industry and enabled him to overcome
major control and economic problems, including when CCA salts were introduced. The
latter is described in Section 10.xiv.
(b) Using the hot immersion process (100o C.) in pilot plant studies on sawn white
cheesewood, Brimblecombe and Cook (1945) had found progressive  increases in solution
concentrations. Using three concentrations of boric acid (1.25%, 2.5% and 5.0%) and three
successive charges for  each of three periods (4, 6, 8 hrs) of maintenance at the elevated
temperature, increases were;
conc. as      % total (3 charges) increase at;
% boric          4hrs    6hrs      8hrs
acid           (as boric acid m/v)
1.25            0.15    0.23      0.33
2.50            0.18    0.24      0.45
5.00            0.29    0.36      0.45
The writer confirmed this apparent increase, but when the treatment solutions were
returned to constant volume and temperature, a decrease in concentration was found.
(c) Early workers assumed that diffusion was the primary factor of significance in
treatment by water-borne preservatives and, as such, only “green” material  was treatable.
In addition, assumptions were made relative to the non-uptake of solution by heartwood.
No research was conducted by other workers to determine if any possible concentration
changes (increase or decrease) were present and could be related to treatment, volatilisation,
or due to water movement as a function of the “green” moisture content difference to the
saturation moisture content (Chapter 12) when compared to actual salt uptake by the
product. No commercial timber operations had commenced.
It is felt lack of further investigation into this aspect was due to;
(i) the limited time of use, and total replacement, for solutions used for hot immersion
veneer treatments.
(ii) absence of monitoring analyses before, and after, each veneer treatment, especially
at plant levels.
(iii) original assumptions (Chapter 8) that sapwood was only that section of a log
determined positive by the iodine test (Chapters 4-7), and thus all starch negative
(particularly rainforest, not visual open forest sapwood) material was considered to be
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heartwood. This led to the further assumption that only the starch positive sapwood would
be treatable. When random sampling was adopted for the assessment of commercial
treatments, evidence (Table 10, Chapter 8) had shown that material, which had given
negative starch tests, did treat to required levels. Confirmatory studies confirmed such
material was not heartwood (Chap. 8).
(iv)  based on the principle that diffusion (Chapter 8) was the significant mechanism,
only “green” timber (cf. Chapter 12) could be treated  and thus moisture content changes
would be minimal.
(d) Subsequent research by the writer (Chapter 8) showed these assumptions were
invalid, and his further studies in terms of moisture contents (Chapter 12)  suitable for
treatment, and of sapwood/heartwood, did confirm that;
i. moisture contents for treatment (cf. Section 10.xiv on CCA) could, for open tank
processes, include material of lower moisture at, and below, fibre saturation point (FSP),
but for the full cell vacuum pressure processes (including modifications, Appendix 14)
moisture contents over FSP could be treated. Through treatment (Chapter 12), but
dependent on initial moisture content and process, final wood moisture content reached a
limiting value, which was also a function of species and density.
ii. There was some absorption of the water phase by heartwood (confirmed structurally
and chemically), but it was not accompanied by preservative. In trial treatments of softwood
poles by CCA salts, some infrequent (Section 12.4.2.i, Chapter 12), low values of CCA
penetration did occur in visual heartwood of P. taeda. From these, and on similar (cf.
Chapters 3, 8) results, the writer deduced possible occurrence of what he terms “immature
heartwood” in small girth, or “fast grown”, material. It  was noted in exotic plantation
softwoods, some rainforest species and low girth open forest timbers.  He was unable to
fully confirm that anatomically or pathologically.
(e). A significant factor found was the change (decrease) in solution concentration
(Chapter 8) when final values, taken at constant volume and temperature, were compared
to those at the commencement of treatment.
The loss in solution concentration was found to occur in all processes, including those
at ambient temperatures.
This “diffusion loss” was of the order of 0.02% to 0.05% m/v (equivalent boric acid),
was a function of initial solution concentration and was one reason, other than initial
moisture content [see (d).i. above], why the salt usage  for a single charge was not
statistically related to the water usage.
In terms of this chapter, the result was development (Cokley, 1949 b, c) of a technique
where the salt change was tested by solution titration before, and subsequent to, a treatment
operation at a measured solution volume and temperature. Concurrently water usage was
measured.
10.7.i.i. reporting of boron compounds.
By agreement of the Forest Products Conference, all boron compounds were esti-
mated, and reported as the “equivalent boric acid”. That was followed, with minor
exceptions, by all organisations.
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10.7.i.ii. Development of an effective, statistically reliable sampling system of treated
wood products.
This had two additional objectives which were;
(a) as demonstrated (Chapters 3, 8, 12), the writer had a need for a sound sampling
system to differentiate, and to quantify, results by treatment plants and processes.
(b) to confirm species differences caused by variables in site and growth, as well as
differences between species and by different schedules (Chapters 12, 14) in open tank
processes.
These objectives involved a need for research into  early assumptions and into basic
parameters and principles. That research involved laboratory studies, pilot plant trials, and
commercial operations. To this was added need to ensure all sampling, testing and records
were in accordance with legal enactments. This applied in terms of evidential material as
well as, for  example, to plant tests on which approvals under the Act (T.U.P.A., 1949) were
granted.
10.7.i.iii. the accurate  correlation of plant to timber volumes and solution measure-
ments. Other control was dependent on those figures being reliable.
10.7.i.iv. the solution volume, and preservative, usage examined for a statistically
sound basis to timber volume treated.
10.7.i.v. correlation of analytical concentrations within treated timber, relationship of
the average “core” (six specimens), or central starch positive zone, to minimum “core” and
equivalent ratios of these to the average “cross-sections”.
In this early developmental work, the writer used starch positive material. As such, he
was able, especially for rainforest timbers, to exclude “apparent heartwood” in field
sampling, but to correlate his results with data based on Young (1946a),  Brimblecombe and
Cook (1945), and other workers.
In his continuing research, and commercial studies, the writer  extended his studies to
include “Transition wood” (refer Chapter 8) and starch negative timber, exemplified by the
visually positive, separately confirmed (Chapter 8) “sapwood” zones of Class A rainforest
species (Chapter 12, Appendix 13) or open forest species. For the latter, subsequent to
development of the dimethyl yellow test for sapwood (Bamber, 1964), confirmation was by
this means. That continued research confirmed (Table 10, Chapter 8)  that starch negative
material, but not the identifiable heartwood (Chapter 8), was treatable (cf. Chapters 8, 12,
re sites of deposition in hardwoods) by preservatives.
10.7.i.vi. correlation of treated timber volume and salt usage on an annual basis. Data
of this nature (Chapter 1) were required by Customs and Treasury authorities.
10.8. Plant control interactions with process and with fundamental factors and
parameters affecting penetration.
It is anachronistic  to dissociate research into plant control and its applications, from
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fundamental research into the basic principles and parameters affecting  preservative
penetration in timber, and which are intrinsically  (Chapters 8, 12, 13, 14) related to the
treatment process, to thermodynamics, aerodynamics and timber structural characteristics.
They include density, sapwood, moisture content, permeability, penetrability and accessi-
ble free paths (Chapter 12). An important aspect of applications of those basic principles
lay in recognition of their effects  on all plant research and control of the type of, and values
of, the preservative penetration into timbers. Those  applications, in a plant environment,
were, in turn, functions of process, of wood structure, treatment variables such as density,
moisture content and wettability, affecting relative importance, and interdependence, of
preservative uptake with timbers. Clarification and quantificaton of fundamental factors
and their roles in timber preservation were consequently dependent on statistically valid,
and operative, control measurements of salts, solutions and treated timbers.
10.8.i. The following specific interaction examples are given which influenced
treatment and control;
a. Angle of Cut.
(AS 01 - 1964) defines the two extreme values of this  as “backcut” and “quartercut”,
but places emphasis in those definitions on relative angular inclination of the “growth rings”
to the wide face. This emphasis is, in the writer’s opinion, influenced by the gymnosperms,
where the rings are generally prominent but in many angiosperms that distinction  does not
apply. Angle of cut is significant in seasoning. The writer prefers to place emphasis on the
relation of radial tissue rather than ‘growth rings”, in that the rays form (cf. Section 12.4,
Chapter 12) a significant penetration pathway for fluids and air (gases), into, and from
timbers. Graph 8, based on data by Young (1946c), illustrates this effect and that was
subsequently confirmed in other studies by the author. That work reinforced the writer’s
research on penetration pathways. 
sample selection was on a basis of “random angle of cut”.
(b) For early commercial applications (Young, 1946b, 1946c), prior pilot plant
research enabled examination of treatment factors, such as time at temperature, with the
exclusion of variables present in commercial situations.
Subsequent to initial (Young, 1946c) hot and cold process charges based on pilot plant
studes as in (b) and which used brown tulip oak, Argyrodendron trifoliolatium, as the test
species, or the steam/cold quench trials in North Queensland (Young, 1946d), using white
cheesewood, Alstonia scholaris
standard schedule (Chapter 12) based on process,  followed by immediate post-treatment
intensive sampling and analysis, including solutions, followed by post-seasoning sampling.
As field analytical procedures were then unavailable, they were returned, (except for a plant
at Ravenshoe, North Queensland, which had a laboratory and trained chemist [B.Sc.] on
staff) to a central Brisbane laboratory for processing, including starch (Chapter 4), moisture
and density tests. All species were treated by these common schedules, using a “safety
factor”. It was necessary for the writer to make allowance for these “factors”  in assessments
of results (Section 12.3, Chapter 12) for development of possible treatability classifications
and schedules for local species. This led to further research on effects of variables (Table
52, Chapter 12).
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Consequent on the industry expansion, problems of central laboratory analysis led the
writer to undertake research into suitable procedures amenable for solution analysis,
assessment of levels of treatment and analyses of timber under field, plant and laboratory
conditions. The need included reliable “spot tests” for evaluations  and for starch (Chapters
2, 4). Success (Chapter 11) in the aims enabled effective plant controls to be initiated,
enabled extension  in the study of effects by treatment variables on  results over a wide range
of plants and development of effective and practical sampling practices. Typical evidence
is shown in Tables 29 to 32, Appendix 17.
Large, significant divergences were found in analytical data between, and within,
species and are illustrated in Tables 31, 32.
(d) Research into causes of variablity in treatment.
Variability (coefficient of variation) was present and more pronounced with low
density timbers. It was found to be dependent on the range between, or within, species,
based on properties such as source (and density) present in a single charge. The results, as
illustrated, were major reasons for this writer’s research into fundamental bases on which
species of equivalent permeability or penetrability or structure (cf. Chapters 8, 12)  and of
similar thermodynamic properties (Chapter 13). could be classified into treatment groups
(Cokley, 1951), (cf. Section 12.3, Chapter 12).  Extensive plant data (Cokley, 1948, 1949,
1950) were incorporated.
10.9. Effective sampling of treated wood products.
Unless this was developed and effectively incorporated into a practical plant control
procedure, research into other factors, parameters and fundamental influences such as
thermodynamic factors, influences of structure and moisture contents could not be
considered valid for other that an experimental and pilot plant basis. Plant control required
extension to commercial operations and included legal standards. To determine this data,
the studies included;
10.9.i. An important figure on which other determinations rested was the accuracy of
determination of the volume of timber in a charge. Studies by the writer (Cokley, 1949c,
1950a) showed solid wood volumes ranged from 40% to  over 60% of the nominal stack
volume (outline dimensions), and were dependent on the “strip” (Appendix 14) to board
ratio in thickness, the uniformity of board lengths and efficiency of erecting the stack or
charge (Appendix 14). The writer developed equations, based on varying strip thicknesses,
for average “stripping” efficiency and 25mm thick boards, relating the annual theoretical
and annual actual treatment capacity to daily production. They were based on stack
clearances (cf. Chapter 13, thermodynamic effects) to total vat volumes. The relation based
For these, accurate data on solid stack volumes included in those correlations were
based on their measurement by solution displacement in the vat (Appendix 14).
10.9.i.i. As indicated [Section 10.7 (e)] relative to boric acid  usage and “diffusion loss”
during treatment, solution volume was prescribed by the writer to be calibrated and to be
measured [cf. Section  10.7.(d)] before and after each treatment charge. Solution analyses
of samples, taken after mixing and at a measured solution volume and temperature, gave an
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accurate determination of the salt usage for each charge. Adkins (1953) issued a nomogram
for that purpose.
10.9.ii. Minimum length and width of specimen to be used, or selected, as a true
representative sample.
10.9.ii.i. The Forest Products Conference (1946) selected a maximum sample width
of two fifths of the total board width [t = 0.4 W]. That allowed a sample for analysis to be
of indeterminate width. Young (1946a) had demonstrated “side or edge effects” on
retentions were significant to 12mm. As such, the theoretical minimum width of a board
which could (in starch positive zones) validly represent the retention was in excess of
24mm. AS060 - 1956 set an edge effect minimum of 12mm, with a variable sample number
dependent on size of, and range of species, in a charge.
After rejection of 12mm from each edge, this writer set a maximum analytical sample
width of 25mm (starch positive timber). Gradient sections are shown in diagram 1.
10.9.ii.ii. Seasoning research had demonstrated presence of “an end penetration”
effect, such that short length sample boards were “end-sealed”, a practice adopted for
preservative pilot plant and commercial studies. This writer investigated the “end grain “
effect both in terms of “thermal effects” during heating and cooling and subsequently
(Chapters 12, 14) in terms of evacuation. The “end grain penetrations” resulting from these,
were studied and found to be species dependent. They ranged from 5 to 25mm in high
density (group 2B, 3, 4) timbers to 200mm (highly significant  up to 100mm) from  unsealed
ends in low density (group 1) species (Graph 10) such as white cheesewood, Alstonia
scholaris.
10.9.ii.ii.i. On that evidence, for general sampling and irrespective of species, a
desirable minimum board length for research, or evaluation of charge data, was 300mm,
plus analytical section length (minimum 100mm), moisture content, spot test and starch test
sections (a total 325 mm), and which total aggregate was approximated to 750mm. For
studies on, and below, that length, the specimens required effective end-sealing if included
in a charge or research project pilot study. However, for research at plants and for plant
testing, the writer did not routinely utilise timber  specimens below 1500mm in length. In
addition, for routine sampling of long products, eg. boards, a minimum length of 450mm
was rejected from the exposed end prior to sampling.
10.9.iii. An important requirement was the sampling number in terms of effective
representation of charge, and source, variables, or in experimental studies. Using data, such
as cited in Tables 29-32,  Adkins (1951a) developed a sampling prescription suitable for
mixed species charges. That specified;
(a) for mixed charges of very disparate species, “a minimum sample number of four
boards, plus 1% of the total number in the charge to a maximum nunber of 12”. To that he
added the proviso  that a minimum of four samples be selected from the most refractory
species.
(b) Subsequently, for generally uniform treatment groups (Cokley, 1951) in a charge,
Adkins,  and later Mannion (u.d), examined the reliability of results based on  a standard
sample of six specimens. They concluded results would be satisfactory. That later sampling
was combined with Adkin’s proviso in terms of refractory species. AS 1605 - 1980,
provides for a sample of six specimens, but permits “culling” (cf. legal restrictions, Chapter
2).
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10.9.iv. Sampling position in a charge or parcel.
For early research and commercial studies, intensive sampling applied until the
variables were ascertained. To this was added the need for representative sampling
positions. They were found similar to those effective in seasoning control.
Standard selection procedure was  on opposite diagonal positions along the length,
such that two opposite top, two bottom, and two opposite central positions were sampled.
In addition, samples were selected at least two vertical columns, or rows, from the sides or
top, of a stack or charge.
10.x. Plant control data parameters.
These are complementary and may be considered conjointly. Criteria (T.U.P.A., 1949)
were;
i. all starch positive timber in a charge must be adequately (Chapter 2) treated.
ii. A minimum concentration, based on oven dry mass/mass of timber, of 0.20% as
boric acid must be obtained in such zones.
In consequence, early control by the writer required to establish plant control
conditions which enabled those objectives to be economically obtained. Hence, until the
species and treatments were rationalised (Section 12.3, Table 52, Chapter 12), large safety
factors and gradients (Graph 11) applied.
10.x.i. Correlation of preservative concentrations in treated timber, gradient ratios to
salt usage (kg/m3).
10.x.i.i. gradients of preservative penetration.
There are differences between the total cross-sectional retention (salt loading), and
that present at a nominated depth, conventionally termed a “core”, or central zone. Plant
Control may be summarised as ensuring that an effective, economic treatment is achieved
with a minimum gradient of salt from external face sections to the “core”. That led to studies
(Chapter 3, 8, 12, 13, 14) on separate, but interactive, cumulative, influences of  thermo-
dynamics, aerodynamics, preservative mobility and penetrability,  timber wettability,
permeability  and wood reactivity.
a. Gradient is expressed as the ratio of preservative through the total board thickness,
or “crosssection”, and the “core” defined as the innermost, or central, treated zone,
conventionally compared on 25mm thick boards.
The gradient is a function of process and importantly a function of species character-
istics, thermodynamics and penetrability by preservative and is influenced by the wettability
(Appendix 15). This is shown in Graph 11, based on Young’s data (1946c) on the initial
commercial treatment operations, where the effect of post-treatment seasoning is demon-
strated. Comparison of results in that Graph to results in Graph 8, indicate the effects of
process on the gradient and effective salt retentions.
b. Salt usage is the total quantity of preservative injected into the timber per charge,
expressed as kg/m3 of treated wood, each measured as indicated.
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c. To quantify these measurements and so establish a “base-line” for other control
statistics and, also, necessarily inter-related to development of the species groups (Cokley,
1949, 1951) and appropriate schedules, the author first examined long term treatment data.
For this study,  four plants were selected for the hot and cold process, and four for the
steam/cold quench process.  These plants were treating a range of species covering
treatability groups 1, 2A, 2B (Chapter 12) and results for these are tabulated in Table 33,
Appendix 17.
Using the same procedures, work was extended to a large number of plants, including
cold soak systems, which use a solution concentration of 3.0%, equivalent boric acid,
compared to an average of 2.0% for the other processes.
Data were separately examined for eucalypts of groups 3, 4, where the (visual)
sapwood content, confirmed by starch tests, was approximately 30%  lower per charge  than
for the other groups. The sapwood (including starch-negative) was also confirmed by
dimethyl yellow (Bamber, 1964) and use of an ultraviolet lamp (Chapter 8).
Results are included in Table 33 (Appendix 17), such that for all open tank processes,
an overall average usage as boric acid of 7.54 kg/m3  was determined.
Subsequent to adoption of boron compounds in full cell vacuum pressure systems, a
mean solution concentration of 3.0%, as boric acid, showed an average usage of the same
order as the cold soak systems.
The results were applied in assessment of the annual salt usage (and requirement) for
each treatment plant. As stated in Chapter 1, the writer was required to supply these statistics
to the Customs and Import control authorities. The relationship is shown in Graph 12.
10.x.i.ii. minimum “core” values.
Of importance were the findings from this research, that to ensure an oven dry
minimum of 0.20% (as equivalent boric acid) in all treated timber, on a 25mm thick basis,
required a mean average core of 0.39% (as equivalent boric acid), based on a timber mean
air dry density of 700 kg / m3
treatment classifications and schedules (Chapter 12) and plant control developed by the
writer, a mean value of 0.52% (o.d. m/m) was achieved by industry.
10.xi Correlation of plant statistics in quality control.
Prior to the effective establishment and promulgation of treatment groups and
schedules (Chapter 12), to maintain adequate treatment standards levels when using general
schedules, with an initial non-availability of effective field testing and plant analytical
procedures, meant that quality control of plants was excessively dependent on extensive
field inspections and with reliance on direct supervisory analytical control by the writer’s
central laboratory. Large coefficients of variations in treatment were present. These were
reasons for research into field analytical methods, “spot tests”, into quality control and plant
variables, so enabling the writer to establish effective “in-situ” operating procedures and
supervisory control (Chapter 11), including analytical, for plant and species variables. This
should confirm the “treatability  classification-schedule regimes”, which were established
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(Chapter 12), to be consolidated and concurrently result in procedures adequate for on-
going rapid confirmation of  standards of treatment by the industry, that is to introduce
effective plant quality control mechanisms.
Based on sampling procedures (Sections 10.8, 10.9) and integrating the existing
analytical controls with those developed by the writer (Chapter 11), research was begun into
interactions of laboratory control statistics with plant treatment data. Studies were made
over (Table 34, Appendix 17) a range of plant systems, species and processes. Measured
usage of water and salt based on a solution  analysis before, and after, each treatment, with
determination of charge volume, were correlated against  preservative retention and
gradient data described above.
 In this phase of his work, the writer was able to relate the problem to statistical
analogies as below;
(a) the total industry was an “infinite” population of species, whose characteristics
were functions of density, porosity
thermal properties and similar.
(b) For each treatment plant, there was represented a separate “sub-population” of
species, each having a range of the above properties affecting their treatability.
(c) Between these “sub-populations”, i.e. each treatment plant environs, differences
may exist. As  such, a plant   could be considered as a “cell” for statistical analysis.
Each  charge (Appendix 14) being treated  was considered to represent samples of the
sub-population at a plant. Thus, intercorrelation between cells, was dependent on the author
adequately evaluating differences within, and between, the “cells” (including species)  and
developing reliable identification of variables in plant control.
(d) For each treatment of a charge and dependent on the treatment group and schedule
and on the distribution of properties, such as density and moisture, variations in treatable
volume (Chapter 8) [sapwood/heartwood ratio] in a charge, would exist about a plant, or
“cell”, mean.
(e) On that basis, control measurements illustrated by water, or salt usage, and defined
for this purpose as the variable components, would not be consistent and would vary within
limits, but when divided into “classes” segregated on the basis of usage measurement, then;
(e).i. if a frequency distribution is determined over a series of charges, a distribution
about a maximum value should be found for the variable components in terms of water and
salt usage, based on total wood volume treated.
(e).ii. Though the data in individual classes, based on different charges, may not show
a correlation, when the separate “classes” are evaluated, correlations and trends should be
found in terms of these plant variables.
Representative data, based on 134 charges, from a treatment plant are shown in Table
35, Appendix 17. The development of evaluations, as described for charge frequencies and
classes, are illustrated in Graphs 13, 14, 15. Trends and ratios for class means are shown in
Graphs 16, 17. Those results  led to the annual usage data (Graph 12) and were related to
salt penetration, gradients and minimum “core” discussed in Section 10.x.i.
(e).iii. These correlations could be applied within each sub-population in terms of
properties such as density and moisture content. A change in the relationships indicates a
change in “cell” characteristics, that may be species oriented, plant characteristics (eg.
thermal properties,  Chapter 13) or operator control. For each, further investigation was
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necessary and undertaken. Thus decrease in salt use or gradient characteristics could show
source variability, thermal or wettability problems. The latter was also associated with low
water usage.
(e).iv. This research confirmed the requirement developed by the writer (separately
stated, eg. Chapters 3, 12, 14) of a minimum of six specimens for each of three charges in
the evaluation of change of characteristics, including treatment schedules.
Using individual plant data, correlations between the different sub-populations
were made possible for the total industry. In consequence, the departmental policy
aims (Chapter 2) were achieved and a timber preservation  industry (with plant
control) was effectively introduced.
10.xi.i. Seasoning of treated timbers.
Graph 11 also illustrates  changes of salt distribution given by seasoning. Sampling
control of treatment must take cognisance of this effect. Graph 18 shows the relative
seasoning rates (after Macksey, 1952) of rainforest timbers after treatment by the hot and
cold process. It was found the seasoning effects of treatment were functions of the process
and preservative, with the processes at ambient temperatures (including the vacuum/
pressure) being less effective that thermal systems. The results with borax homologues
were more effective than boric acid, which was, in turn, more effective than CCA salts.
10.xi.ii. the “Plant Efficiency Index”.
Arising from studies as described above, the writer found a method of classifying plant
performance was by what he defines as “The Plant Efficiency Index”. This was the
variability in routine plant operation measured as the  “Coefficient of Variation, (C.V.)”
based on chemical analyses. In practice, the author used an inverse rating to the C.V. Thus
a low “Plant Index” reflected large variabilities, usually in species (eg. multiple species of
different treatment groups and treated by a schedule based on the denser species) and
demonstrated a need for continued closer control supervision. Change in the plant operator
was indicated and further training given if necessary. A high Index showed consistency in
operations.
As a routine, the control (Index)  was supplemented by a (monthly) statistical
measurement of salt usage (kg/m3), expressed on the total treated wood volume.
10.xii.  Copper/Chrome/Arsenic (CCA) formulations.
In this context, the discussion of these formulations  is restricted to;
10.xii.i. General formulations were based on “ASCU” (Narayanamurti and
Puroshotham, 1936). That was developed by Indian researchers and later evaluated under
the name of “Greensalt” by McMahon, Hill and Koch (1942), who discussed the classical
distribution (Graph  19) and component variations in penetration in softwoods. Results by
those authors were confirmed (Graph 20) by other workers (Wilson, 1962) and  are in good
agreement with  this writer’s general experimental and commercial results on both
gymnosperms and angiosperms.
10.xii.i.i. Two general formulae were utilised for local application.
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To demonstrate their relativity, this writer classifies them as Types 1, 2. Each consisted
of cupric sulphate (variable water of hydration based on formula), arsenic pentoxide
[variable water of hydration, typically the dihydrate] (often admixed with sodium, or
potassium, arsenate) and a dichromate salt based either on sodium or potassium. Formula-
tions were registered by “Trade names”.
Types 1 and 2 consisted (formulae cited in AS 1604-1980) of constituents as follows;
Type 1.
copper sulphate (generally pentahydrate)   30-32%
potassium dichromate, typically            45%
arsenic pentoxide (as above)              22-26%
Tolerances were nominated (cf. Chapter 2, legal aspects). Other dichromate and
arsenic salts may be used. For Type 2, the above constituents, except that, for this, the copper
and arsenic concentrations are reversed.
Note; to preserve proprietary brand anonymity, arsenic components are referred to in
terms of the pentoxide (cf. Section 10.x.iii and Chapter 15) and not specific salts.
10.xii.ii. The political, utilisation, species and geoclimatic  aspects of CCA introduc-
tion into Queensland. Policy decisions made on research into problems.
Prior to discussion on these CCA salts, clarification is desirable of reasons and the
significant policy decisions for major research approved, and undertaken, on their use under
local conditions to ensure an effective, economic utilisation and plant control. Three factors
are highly significant. They are;
10.xii.ii.i. political and utilisation aspects.
To meet the sociological needs (Chapter 1), governmental instrumentalities required
extensive supplies of timbers, generally in large sizes, with high strength and quality. These
are illustrated by the needs of Electrical power authorities for transmission poles and the
construction of cooling towers for large scale power generation being developed. The
Harbours and Marine Department and Harbour Boards were  separately undergoing large
scale port and wharfage expansions. For these, extensive supplies of adequately durable
timbers would be required. For poles, former practices of “de-sapping” in class 1 durability
species, and, for the latter, restriction to species known, eg. turpentine, Syncarpia  glomulifera,
to have long-term resistance to marine organisms, would result in major depletion of forest
resources to meet the anticipated needs, and then only in larger, mature stems. Negative
effects of non-utilisation of sapwood have been indicated (Chapter 8).
These needs could both be met by treating the sapwoods of Class 1 durable and
restricted species from Class 2 durable timbers (AS 1117-1970, AS 1604-1980) (The State
Electricity of Queensland, 1974). Very importantly, such utilisation could include maxi-
mum sapwood depths and be based on “pole size” natural regeneration sources (refer
comments on blackbutt, Chapter 8) and may increase the permissable ranges of species
acceptable for these uses. Based primarily on overseas softwood service data, it was
anticipated by the Harbour and Marine Department and by Port Authority  organisations
that effective protection against marine organisms would be given by CCA treatment of
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local hardwoods. To these needs were added increasing demands for structural timbers
which had high strength and durability properties.
It was to satisfy these  market needs that a commercial vacuum pressure system,
utilising creosote and CCA salts, was installed at Grafton, New South Wales, and an
industry decision made to install plants in this state. A similar decision was made by the New
Author’s note; as their major markets were in Queensland, by agreement by the State
authorities (Chapter 1), plants in the Northern Rivers areas (using water-borne salts)
operated under equivalent standards and the plant control (open tank and vacuum pressure
systems) as practiced in Queensland. Discussion and developments in use of CCA salts,
10.xii.ii.ii industry changes in production practices and the management of a preserva-
tive industry.
Since inception of preservation in 1946, and expansion as described, three changes
occurred in the industry. They were;
a. Amalgamations of mills (and managements), cited in Chapter 1, led to organisa-
tional changes, including the  establishment of centres for processing and production    other
than for only sawmilling.
b. Due to the above change in organisation, the demand for increased daily production
was proposed by industry to be met by installation of (full cell) vacuum pressure systems,
often at the central processing sites.
c. many of the early open tank systems were approaching the point where substantial
maintenance and updating were required. The frequent consequence, shown up by change
in “Plant Index”, was a need for plant tests as described. Due to departmental and plant
management co-operation, the writer was empowered to ensure adequate, effective levels
of plant mantenance were carried out to ensure treatment standards were maintained.
Author’s note; a weakness under T.U.P.A. (1949) was lack of provision for either a
periodic re-registration, or closure  (or suspension) for other than a proven offence under
the Acts. The writer had sought that provision without success.
10.xii.ii.iii. species and geoclimatic aspects.
10.xii.ii.iii.i. species.
From a species aspect, preferred sources were the Central Queensland, and mid-
western districts, or the “Dry Inclusions” (cf. Chapter 3), where strong, high density,
durable class 1 and 2 species principally originated. The rich resources of the Burnett,
Dawson, and Fitzroy Rivers catchments and the western Darling Downs, were favoured.
Regeneration supplies included coastal zones (Chapter 3) and the Northern Rivers areas of
New South Wales, particularly the Grafton - Casino districts, but also general north-eastern
areas of the Dorrigo, Armidale and Tenterfield districts.
Author’s note; in Victoria and Tasmania, principal timbers available (cf. Chapter 1 re
effects of the 1939 bush fires on Victorian timber resources) were of lower durability
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species such as mountain ash, and thus earlier utilisation was made of exotic softwoods.
In North Queensland, timbers of the Evelyn Tableland, as part of the Atherton
Tablelands, were available. On the coastal sites, as indicated above, the more permeable
open forest species  (Chapter 8), in small diameters and wide sapwood, were utilisable.
After feasibility studies, Eidsvold Sawmills (1961) installed a full cell vacuum
pressure system using CCA. Markets included power poles, building timbers, and the newly
initiated open cut, and underground, coal mines (including townships and infrastructure)
particularly at the adjacent Moura mines in Central Queensland.
Author’s note; for later installations, in view of their separate influences, the general
water quality, climate and species are rated relative to Eidsvold. Climatic and water
conditions and species properties are each shown (in that order) in brackets as “cool, softer,
less refractory, or similar” thus indicating a relative nature of problems. The significance
of these ratings will become evident in subsequent discussions on problems of salt
component chemistry and plant control.
Within a few years (Map 3), plants were installed in Gatton and Toowoomba (cooler,
softer, similar), Brisbane, Ipswich, Beaudesert (cooler, softer, less refractory),  and
Bundaberg (cooler, softer, less refractory). A large  number of CCA plants, using supplies
from the Burnett, Dawson, Fitzroy River catchments (extending to Clermont) included
Rockhampton, Gayndah, Mundubbera, Monto, Wowan, Chinchilla, Theodore, Moura,
Maryborough, Jandowae. These conditions were generally equal to those at Eidsvold.
Other plants were established in Northern areas, such as at Ravenshoe and Kairi on the
Atherton Tablelands, Mackay and Proserpine.  They were installed along the coastal zones,
including Ingham, Tully, Gordonvale and Cairns. Except for sites such as Townsville, these
operated under milder conditions, but rainforest species (cf. Chapter 8) required research.
Plants at Tolga (Atherton Tableland),  Many Peaks, Imbil, and Southport (private stands)
were established specifically for plantation softwoods.
10.xii. iii.ii. geoclimatic aspects.
These have been described (Chapter 3) in terms of hazards and species effects. At
Eidsvold, and at similar plants, water qualities were, in most cases, chemically very hard,
humidities were low, and ambient temperatures high.  The refractoriness of timbers, eg.
ironbarks and spotted gum, from those areas has been indicated (Chapters 3, 8).
10.xii.iii.iii. policy decisions on the departmental involvement in research and
Lyctus, these decisions
included service to users of CCA treated products.
a. As indicated in later discussions on aspects of use of CCA salts, problems were
encountered to a degree that not only was the plant control seriously in error, but total
economics of the operation were in doubt. They, in turn, would have adverse effects on
forest utilisation aims. A policy decision, equivalent to that outlined for industry expansion
using open tank systems (Chapters 1, 2) in terms of departmental involvement, led to an
approval for the writer’s research into and developments of CCA salt utilisation. They are
elaborated in subsequent sections. The co-operation of both salt suppliers and the industry
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was sought and given.
b. As described (Appendix 14), major difficulties, low efficiency of treatment, need
for research on species, particularly rainforest timbers, led to investigations on process
variables. These are discussed in Chapters 12, 14 on aerodynamics, and development of the
Vacuum Pressure Diffusion Process. Expansions cited above were dependent on, and
attributable, to that work. In addition (Appendix 14) after tripartite discussions, salt
manufacturers agreed for plants to use boron salts in the systems. Many end-product uses
were affected by typical CCA colouration. As a result, a large percentage ot total volume
processed through vacuum pressure systems, for other than uses such as poles, particularly
in rainforest and building timber production, was so treated. The trend was followed by New
South Wales firms in the Northern Rivers areas.
10.xiii. Application of CCA salts under local conditions.
(a) Solubility of Preservatives.
Reference has been made (Chapter 2) to approval under T.U.P.A. (1949) for plant trials
of new, or amended, salt formulations. Though introduced for boron and fluoride research,
the need for plant trials was accentuated for CCA formulations. For transport economics,
manufacturers (initially based overseas) utilised the arsenic component as the nominal
dihydrate (cf. Section 10.xii.i.i.). Salts were “drum packaged” as a “dry mix”.  Thus total
drum contents (250 kg) needed to be mixed at one time and could not be sub-divided.
To put CCA usage (Section 10.xii.and sub-sections) into perspective under Queens-
land climatic conditions, water quality and species, the previous Australian and New
Zealand  applications were under relatively mild ambient temperatures and soft water
conditions. They, additional to operation on a limited range of relatively very easily treated
timbers, were in contrast to climate, water and species (cf. Sections 10.2, 10.xii.ii.iii.i. and
Section 10.xii.iii.ii) applicable for the proposed local plants.
Previous hardwood CCA plant operations were restricted to cooler climates (eg.
Grafton, New South Wales) under conditions in southern states. Using those precedents,
based on theoretical “void volume” calculations (Tamblyn and Bowers, 1961), to achieve
adequate retentions in spotted gum, E. maculata, at Eidsvold, the salt supplier advised use
of much higher solution concentrations for both “mix tank concentrate” (10% m/v) and
impregnating solution. This was of the order of  2 to 3 times above that used for the overseas
or southern softwood operations, and this ratio extended to “working solution” concentra-
tions of between 5-8% m/v, dependent on salt retention required. Similar levels were
advised by both major suppliers to appropriate plants in other areas. When the plantation
softwoods, or when group 1 (Chapter 12) permeable, low density, hardwood species, were
treated as sawn products, the “working solution” could be reduced to 1.5-2% m/v. As it was
common practice for some plants to mix species groups (eg. 2A, 2B) in these systems, the
writer advised (Appendix 43) concentrations of 3.5% for such treatments.
The higher levels in concentration of mix tank solutions (concentrate) meant a
significant difference in specific gravity to those  which were applicable for overseas
treatments of softwoods, and problem arose in uniformity of solution distribution when
concentrate volumes were transferred to “work solutions” of a lower specific gravity.  After
treatment of a charge (Appendix 14) was completed, a standard procedure in some
treatment plant systems involved reversal of the vacuum pump (Chapter 14) to an air
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compressor mode for transfer of solution from a cylinder to the storage tank by compressed
air.
Theoretically, the compressed air agitation and final “air bubble” would result in
uniform mixing in the storage tank. Other plant systems used a circulating pump for transfer.
In all cases, a single point sampling was followed by plants. In practice, uniformity took a
number of charges to be achieved and this variation was one cause for early large fluctations
in salt reconciliation. This problem was rectified by re-circulation and/or pumps until
uniform, multipoint, test results were obtained.
10.xiii.i. mixing conditions and problems in use of CCA  salts when supplied in powder
form.
Using southern experience (see above) typical mixing of CCA salt (in powder form)
concentrate was in a steel tank of 4,500 litres capacity, variable with plant size and up to
10,000 litres, to make a nominal 10% m/v solution. Mix tanks were fitted with a uni-
directional, propeller type stirrer, with small diametrical blades, about 0.3m above the
bottom. Cavitation was common. The “dry salt” was gradually added, with a stirring time
of 1 hour. Some plants had “mixing baskets” to hold the powder while it was being
dissolved, but in others the drum was slowly emptied directly into the tank. Generally plants
were advised to agitate the mix tank solutions before transfer to “working solution” storage
for use in treatment. Under these original  recommendations by salt suppliers, solubility
problems  arose, accentuated by local water hardness and high ambient temperature,
causing serious component imbalance. Extended drum storage of the CCA powder as a
result of surface shipping times caused “compaction” of the salt mixture. After initial
mixing, aggregation of undissolved salts presented problems and, in spite of re-agitation,
were transferred as particulate suspensions to the “working solutions”. Analysis of
undissolved matter showed up to 50% arsenic content as the pentoxide (Cokley and Smith,
Rep. No. 4, 1965).
Author’s note; as research, and industry, investigations were carried out as require-
ments for approvals of CCA treatments under the Acts (Chapter 2), it was necessary to
ensure studies were of a legally  and scientifically acceptable standard.
Solubility studies involved separation of suspended salts from the solution as a
function of time.
Results based on filtration by a fine filter paper (Whatman 542) were confirmed by in-
plant centrifugation (4000 rpm) and total CCA concentration, as determined hydrometrically,
was tested by chemical analyses of separate components. A field laboratory was used by the
writer; the “at-plant” results were supported by  further analytical confirmation in the
writer’s laboratory.
Surface deposits, of primarily undissolved arsenic compounds, especially on treated
sawn building products, including from interstate sources, caused  negative buyer reactions
and user fears of health problems (circa 1965). Studies were made by this writer’s laboratory
under jurisdiction of, and in association with, the Queensland Department of Health
(Industrial Medicine) and Government Chemical Laboratories. Results  showed that the
soluble arsenic pentoxide per unit surface area was within then legal (safety) toxic limits
for use. The precaution of “hosing down” surface deposits resulted from that study. In 1980,
an occurrence of similar deposits on power poles caused significant industrial action (cf.
Chapter 15) and in which the writer was involved as arbitrator.
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10.xiii.i.i. Extensive research by the writer showed;
a. The solubility of CCA salts is variable for components and is very dependent on low
pH values, such that an optimum value is below pH 2.0. Working solutions with extractives
rose to values of pH 2.5 plus, with some consequent component precipitation. That low
value of pH 2.0 is critically related to the dichromate component (Kaufmann et al., 1940)
in the formulation.
b. the recommended mixing regimen was inadequate under local conditions. It was
found (confirmed analytically) that the initial CCA “mix solution” concentrates reached an
equilibrium value (tested over a range of plants and up to 7 days), but with some residual
salts undissolved.
c. Studies indicated that the nominally dihydrate arsenic pentoxide (cf. Section
10.xiii.i.i) salt may include some anhydrous material which, jointly, were extremely
difficult to dissolve.  Trials of one product formulation at a plant near Brisbane (softer
water) showed 90% of its arsenic component had remained undissolved after extended
mixing and overnight standing.
10.xiii.i.ii. amendments to mixing practices for CCA powder salt forms.
a. Subsequent to research by the writer, confirmation of results (Cokley and Smith,
Rep. no. 4, 1965) from both field and laboratory determinations had shown the arsenic
component was a  major problem.  As difficultly soluble low hydrated (and possibly
anhydrous) arsenic pentoxide was present and the pentoxide particle was “coated” by
calcium arsenate, a “beating type mixing” system, similar to ones used for the solution of
casein for adhesives, appeared to be desirable. This was tested by the periodic reversal of
the propellor, installation of timber baffle plates and use of non-foaming, non-ionic, wetting
agents. The changes were found to significantly improve solution and were recommended.
Extended trials confirmed there was  marked improvement and the changes were adopted.
b. Mix tank modifications tested, and found efficaceous, included reversible mixer
drives, baffle plates, use of a nonionic, non-foaming, wetting agent. Local representatives
of CCA salt manufacturers and the treaters made major modifications, as advised, to plant
mixing equipment. Concentration was then constant, with in excess of 90% of the
components in solution in approximately 8 to 24 hours (a function of water quality and tank
size). Testing for the stability of a solution was changed by making two successive
hydrometric measurements on filtered, mixed, samples (confirmed by routine analyses of
solution). Multi-height sampling was introduced for both mix and “working” tanks. These
led to a (continuing) requirement in the approvals under T.U.P.A. (1949) that plants submit
samples of CCA solutions to the Forestry laboratory for assessments. That requirement did
not apply to the simple boron salts. Also copies of charge sheets and salt usage reconcili-
ation (cf. Section 10.xiv) were supplied.
c. As the primary factor was water quality,  installation of water softening facilities for
water used in mixing was necessary in some plants. Under those conditions, compared with
in excess of 10 hours with unsoftened water at one plant to reach equilibrium, but not with
total solution (a mix tank of 10,000 litres and modifications  described in a. and b. above),
full  solution in softened water of all components was substantially completed under 4
hours.
10.xiii. i.iii. Modifications to CCA salt formulation and change in degree of hydration
of the arsenic component.
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Subsequent to transfer of responsibility for CCA salt manufacture, and formulation,
to Australian representatives of suppliers, the writer advised manufacturers to;
a. amend the arsenic salt component.
Manufacture of the arsenic pentoxide was  by oxidation of “raw source” arsenic
trioxide (imported) by nitric acid. Subsequent neutralisation of the excess acid by sodium
hydroxide was followed by a drying and dehydration step to produce the nominal dihydrate.
The writer’s research demonstrated the arsenic pentoxide salt was principally the dihydrate
and the level of hydration had effects on solubility. This research confirmed  earlier studies
and  further demonstrated the existing solubility problems may be reduced, or removed, by
not dehydrating the arsenic salt to very low hydration values. Use of the arsenic salt as a
higher hydrate, or a soluble salt, or solution, was a recommended option. Through the co-
operation of a local chemical firm, trials of process modifications undertaken were
satisfactory and the changes made. By concentration only of “oxidised arsenic solution”,
the CCA solubility difficulties were significantly reduced.
A significant increase in rate of solution  and lessening of health hazards resulted. The
change was made by both major manufacturers with anticipated results, and marked
reduction in costs.
b. use a “Liquid CCA Concentrate” for plant applications.
The writer suggested logical extension of those results, with consequent reduction in
health problems, was supply of the CCA formulation as “a water-based concentrate, or
paste”. The recommendation was accepted. Certain problems in bulk CCA mixing during
manufacture, were determined (u.p. confidential data supplied to the writer by E.Long,
production chemist, Hicksons P/L. Sydney) as due to iron impurities in original base
imported arsenic salts. That was rectified in salt manufacturers’ specifications.
Plant trials (Chapter 2, Section 10.xiii.ii [below]) were carried out satisfactorily for all
amendments.
10.xiii.ii. Plant trial requirements.
Because of problems exemplified by the above cases, plant trials (Queensland Forest
Service, 1965) were introduced (cf. Chapter 2) for new or modified formulations.
In all cases, the salt supplier was required to initiate plant operations and control
procedures (Celcure, 1973) under restricted approvals. On completion of the trials, both
supplier (Anon. 1968, Day, 1973, 1974, Rose, 1973) and treatment plant management were
required to submit appraisal reports  using the existing salt practices and usage standards
in plants as minimum criteria. These appraisals included mix and  plant control, analyses
of solutions, of treated timber and gave data on leaching studies for the mixtures under trial.
10.xiii.iii. Alternative chemical source for copper and arsenic components for CCA
manufacture and use.
A major economic problem in Australia rests in the non-availability and the high cost
of a base  chromium salt, and limited sources of arsenic salts of adequate quality.
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The author was involved in joint research with a large electrolytic copper refiner and
producer in Townsville. This related to investigation into the electrolytic high level
purification of copper, wherein an arsenic impurity  was a problem.
Arising from those co-operative studies, it was found that a by-product, in large
tonnages, from the operation, was a high purity, soluble “tetra-cupric-arsenate” or “TCA”.
The writer was able to demonstrate this “TCA” had the elemental copper and arsenic
component concentrations equivalent to those commonly present in CCA formulations.
Further research showed the product could be substituted in CCA manufacture by
additional reaction stages in formulating, and was economic. This reduced dependence on
imported arsenical chemicals. Plant trials on use of the formulations based on the
application of “TCA” were satisfactory and their use was adopted. An important side effect
was economic utilisation by the refiner of what would have been a non-productive by-
product, storage of which would require expensive environmental controls.
10.xiii.iv. Problems in utilisation of products treated by CCA salts.
a. paintability.
Evidence showed significant effects on linseed oil based paints due to oxidation of
double bonds in the vehicle. Tests related this to the presence of surface dichromate on the
product. In addition, surfaces required cleansing. Species effects were present, but minimal
problems were found with most water-based formulations such as acrylics. Post-treatment
seasoning was a factor.
b. corrosion.
“Fixation” (Section 12.4.4.i.vii, Appendices 44, 45) is defined for this chapter as being
a “minimum component leachability”. The writer established optimum “fixation” required
seasoning of treated CCA products to below FSP. Under average Queensland climates and
for local species, a minimum period of six weeks was required and this was a function of
reduction of moisture content. Below that time, soluble components caused corrosion of
metal fittings, dependent on the position of the metal in the electrochemical series. For
example, both zinc and iron fittings (including zinc plating and “zinc anneal”) were badly
corroded, but chromium was relatively non-corroded. Aluminium sheetings, in caravans,
buildings and bulk cold storage, were corroded in contact with treated timber.
b.i. Corrosion in treatment cylinders was  associated with “sludge” build up, where
“sludge” is defined as wood particles, extractives and precipitated salt components.
Generally the “sludge” resulted in an inert coating effect which required cleaning. Due to
an incident occurring at a Central Queensland plant, when an operator collapsed after
entering a cylinder to carry out cleaning maintenance, protective clothing and an independ-
ent air supply were stipulated by medical authorities, the latter need being due to enclosed
cylinder space and air exhaustion under typical ambient conditions. For these, and for
production reasons, some plants were fitted with sealable, pressure doors at each end of the
cylinder.
As sludge resulted in surface deposits on treated timber and affected penetration, de-
sludging  of solutions was a standard practice. Similar sludge (to a less degree) was noted
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in Victorian and New Zealand plants operating on softwoods and using lower solution
concentrations.
c. gluing.
In general some problems were present and research showed they were related to
preservative concentration, fixation as above and to surface deposits on veneers. If at low
retentions, cleaned and seasoned, CCA material could be effectively glued for other than
radio frequency (RF) procedures (these were used mainly for sawn products).
Because of these problems, plywoods were generally treated by CCA salts in the
finished form for general purpose hazards or for combined multipurpose and high level fire
retardent treatments.
10.xiv. Plant control and reconciliation of salt usage in CCA treatments.
a. Significant factors in full cell vacuum pressure systems using CCA multisalts,
including theoretically assumed moisture content limitations for treatment, have been listed
(cf. Chapters 8, 12, 14) but, in terms of control, general assumptions were similar to those
which had been initially made for open tank treatments, except that, until researched by the
author (Chapter 12), all timber was preseasoned to below fibre saturation point.
b. It had been assumed that CCA solution absorption was restricted only to sapwood
(cf. the “outer heartwood”, Chapter 8). As heartwood, including the fibres, is permeable to
water, but at a slower rate than for sapwood (Chapters 8, 12), it appeared the above
assumption was made relative to time of exposure to solution during treatment, with no
cognisance of vacuum or applied pressure effects on penetration by water. It was also
assumed such absorption would approach the saturation moisture values and an absorption
efficiency relative to the theoretical value based on “Void Volume Calculations” (Tamblyn
and Bowers, 1961) would be high. Commercial and research operations showed (Cokley
and Smith, Rep. No.4, 1965) these assumptions were invalid and, in consequence, plant
control, calculated salt retentions, economics and usage “reconciliations”, were seriously
in error.
By  controlled treatments of full heartwood charges, the writer demonstrated water
absorption did occur into the heartwood, but, other than surface, corresponding amounts of
salt were not absorbed and no penetration occurred.
c. Typical control variations were shown in analysis of 17 consecutive charges at a
Rockhampton plant. Results were such that, for a mean charge total (mixed sapwood/
heartwood) treated volume of 4.75 m3, salt usage, when calculated on changes in solution
concentration measured before, and subsequent, to treatment, was 50% higher (13.26 kg)
than on  calculated uptake (8.96 kg) using only the initial concentration (mean 4.58% m/
v) and solution usage (mean 190.95 litres).
These conclusions were consistent with evaluation of data (Wilson, 1962) based on
chemical analyses and of charge sheets from the Eidsvold plant. They showed (Tables 36,
37, Appendix 18) a significant increase in the calculated salt retentions and variations in
component penetration.
Author’s note; statistical conclusions and correlations of Wilson’s results were made
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by the writer to compare local evidence.
d. “diffusion loss” in treatment.
A study using hydrometric plant determinations based on filtered samples (confirmed
by analyses) of the solutions for 17 consecutive charges (as above) showed  progressive
drops from 4.98% m/v at the commencement of the study to 4.30% m/v at the conclusion,
and there was a small, but real, change from the start to the finish of treatment in each charge.
Results at the end of each treatment of charges showed a corresponding fall from 4.95% m/
v for the first charge to 4.26% m/v at the conclusion of the final charge in the study. A
consistent “diffusion” loss (see below) of 0.03-0.05% m/v for each charge was present.
Evidence was confirmed by laboratory analyses of solutions and of treated timber products.
The “diffusion loss” is similar to,  and is of the same order (up to 0.05% m/v), as that found
for open tank systems [Section 10.7(e)], and was confirmed for other plants. The value of
such “diffusion” loss was dependent on the initial solution concentration, but was of
e. The economic and control consequences of these differences (cited in a. to d. above),
employing original control practices, are  shown in the data from one plant (Table 38
[Appendix 18]) demonstrating average errors in excess of 20% based on the differences
between calculated salt usage from the treatments and salt usage from stock. Using the
extensive research (Sections 10.8 - 10.xi) on boron salts, and on  which an effective plant
control procedure was established, the author investigated, and applied, similar require-
ments for the vacuum pressure systems. This was extended to the situation when other
preservatives as well as CCA salts were employed in these systems. They were made
mandatory under plant approvals (T.U.P.A., 1949) and adopted by suppliers for general use.
The improvement in plant control is shown in Table 39, Appendix 18.  Plant reconciliation
is within a range of +/- 5%,  which was the maximum error deemed adequate for plant
control limits, but most plants  were then able to operate within +/- 2.0% error. Operating
costs were then able to be determined and were reduced to economic levels. Table 39A
shows uniformity of salt retention in 12 hardwood poles after changes in plant control
methods.
10.xv. The analytical correlation of CCA components in commercial treatment
solutions.
CCA formulations (Chapter 2) had nominated tolerances, but, based on
variabilities  present for local conditions and species, the writer’s practical and
administrative aims were to ensure known, stable, measurable, component balances,
treatments and reconciliations were attained.
(a) In terms of the routine plant estimation, standard determination of concentration
was densimetric, using a calibrated hydrometer (Chapter 11). It was necessary to confirm
that densimetric results were reconcilable to chemical analyses (Chapter 11). Extended
comparisons showed a linear relationship between the two methods of determination, with
differences between the coefficients dependent on salt types and plants. That need extended
to all components and led to research on that aspect of control, namely change in component
balance in solutions.  As earlier discussed, due to the possible presence of undissolved salts
and precipitates in the CCA “working solutions”, a pre-clarification (cf. Section 10.xv.i)
step was essential for accurate estimations.
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(b) Research did confirm that, dependent on plant, salt type and component balance,
three relationships  were present and are illustrated by results for one plant by;
y = 0.0805 + 1.3671 x1 eq. (10.1)
r = 0.9695 ***
y = 0.3061 + 0.9782 x2 eq. (10.2)
r = 0.9885 ***
y = 0.2892 + 1.1422x3 eq.(10.3)
r= 0.9647 ***
where y = solution concentration by specific gravity.
x1 = concentration as equivalent total salt based on hexavalent chromium, expressed
as potassium dichromate.
x2 = concentration as for x1, based on anhydrous copper sulphate.
x3 = as above, based on anhydrous arsenic pentoxide.
10.xv.i. Routine analytical control and “Plant Correction Factors” for CCA treatment
solutions.
As the hexavalent chromium salt was the most sensitive component to change of
conditions and was amenable to field determination, it was selected as routine control
analytical basis  for plant assessment. Periodic analyses for all components were made of
treatment solutions. A “Plant Correction Factor” was determined for each plant. In this
context, a “Plant Correction Factor” is defined as the  difference in (% total m/v)
concentration between densimetric measurement on a filtered solution sample and chemi-
cal analysis on dissolved
plant investigation by the writer’s laboratory and the salt supplier. Periodic correlations of
equations [cf. Section 10. xv. (b] relating components (and total salt) based on chemical
analysis to densimetric measurements established whether, or not, the component balances
for each (plant) CCA salt formulation had changed significantly and is illustrated in Graph
24 and Table 40 (Appendix 19). Graphs 21 and 22 demonstrate the effects of plant, climate,
water and species on plant control over a 2 year period.
The “Plant Correction Factors” applicable for a number of plants over an approxi-
mately 10 + year period are shown in Graph 23. The variation in CCA component balance
over 4 years for one plant treating eucalypts in a hot climate and with hard water  is given
in Graph 24. As illustrated in Graph 24, a change from Type 1 formulation to Type 2
occurred after 1965, with “paste mixtures” in later years (1968). Table 40 (Appendix 18)
cites component stability  for some commercial plants using CCA salts and subsequent to
modifications described (Sections 10.xiii, 10.xiv).
10.xvi. The hexavalent chromium anomaly in CCA treated products.
(a) Current theories of CCA fixation include reduction of hexavalent chromium by
reducing compounds in the timber and hence the residual values of this component (in the
hexavalent form) should decrease rapidly. Studies on leaching show the typical yellow
colouration of “Crvi” compounds is still present and to a high percentage (but variable) of
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total chromium salt. Standard “spot tests” for CCA in treated products include a
diphenylcarbazide reagent (see below for the specificity of this reagent). Hagar (1969)
commented on this phenomenon. If fixation is complete, or at a maximum, there should be
only a minimal occurrence of “Crvi” compounds in the wood.
(b) For general determination, due to standard methods of extraction, the total
chromium salt concentration in wood was based on oxidation to the hexavalent state. When
the writer examined normal (blue/green) commercial “sludge”, including washed material
as “control”, from treatment plants, which contained about 7% of elemental chromium, or
synthetic laboratory “sludge” produced by reductants such as mono-, or di-saccharides,
normal spot tests (diphenylcarbazide), which are based on the hexavalent state, were
negative. For a positive  diphenylcarbazide test on the above washed, dried complex,
However, when timber has been treated, and stored to exclude leaching, a positive
diphenylcarbazide dichromate spot test is given by the CCAs. This has been irrespective of
time (to at least 10 years). The hexavalent chromium, determined by analysis of water
extracts, represents a high proportion of total element present in salt form. The anomaly
rests in the fact that the diphenylcarbazide reagent used (Feigl, 1958) is specific only for
chromium in the hexavalent state. When the chromium is in lower states, such as the
trivalent state, initial oxidation is necessary.
(c) When this anomaly is tested against service data and leaching trials (Section
12.4.4.i.vii, Chapter 12), the yellow colouration and positive spot test are found.
The results lead to a conclusion that the major chromium (salt) fraction which is
leached, is where the chromium is in the hexavalent state. Hence there is support for the
writer’s hypothesis that, for the sapwood of many angiosperms species, there are inad-
equate, or variable, concentrations of reductant present in accessible wood tissue (Liese,
1958, concurred with this) sites, where CCA, particularly the hexavalent chromium salt
component, is deposited, to cause effective  optimum reduction.
This is more so in hardwood timbers due to the sites of deposition [vessels, vertical and
radial parenchyma] (Chapter 12) and which were confirmed by Greaves (1972). An
unexplained (and assumed to have an equivalent cause) phenomenon lies in its similar, but
to a generally lower degree, occurrence in softwoods, but, for these latter, CCA distribution
is in all penetrable tracheids and rays. It would appear the principal concentrations of
chromium salts in treated hardwood timbers would be in the form of what the writer  defines
as being a  “crystallised” or “deposited” complex (Section 12.4.4.i.vii, Chapter 12) and
hence they occur primarily only in rays and vessel lumina or walls. It was the writer’s view
that occurrence of residual, hexavalent, chromium salts in treated timber was a cause of
certain corrosion, electrical conductivity and health problems which were encountered in
service.
10.xvii. The anticipated future application of CCA formulations under Queensland
conditions.
Subsequent to effective plant control being established, these multisalts were consid-
ered by the author to be the best, most economic, general purpose class of water borne
preservative available to industry. However, it became apparent certain timber, and user,
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industries (also some research groups) were excessively reliant on their use. This over-
reliance has increased in recent years by the  extensive, excessive, use of CCA treated
plantation softwoods and of non durable (refractory to treatment) imports for external,
hazard, situations. This is due to governmental policies for restrictions on use of timber
resources of the more durable species. Future pollution, and service, problems may arise
from these policies.
It is pertinent to indicate that over 60 per cent of treated products are used under service
conditions where protection is needed only against insects such as Lyctus, or against termite
hazards. For these applications, CCA salts offer no advantage over effective simpler salts.
Some decay and termite hazards exist by use of untreated, non durable, species in the
“slab-on-ground” construction methods. The hazard uses include the framing and roofing
timbers. Current environmentally based restrictions on use of the former “long life”
hydrocarbon  termiticides and substitution of “short life” compounds, with requirements for
“flood lines” to be permanentally installed to enable subsequent treatments, not only
reinforces this view but supports the writer’s advocacy for use of “above-ground”
construction, including the incorporation of mechanical termite barriers, as well as effective
ventilation within structures, especially for roof and wall cavities.
McCarthy (1971), Cokley and Heather (1971), Da Costa (u.d, 1969, 1971) reviewed
aspects of CCA use. Their usage (Cokley, 1971) was reviewed for plywood and veneer.
There are a number of unsatisfactory side effects eg. “after-glow” after combustion,
electrical conductivity, health and pollution aspects. Many of these are related to degree of
fixation and the restricted sites of CCA deposition in hardwoods. Certain problems in their
usage (hardwoods) for “in-ground” and marine applications are (Chapter 15) reviewed.
Protection against weathering is not given by this class of salt. After an extensive range of
service experiences in applications under a range of local conditions, there were  a number
of aspects in the usage of these salts which led the writer to recommend (Cokley, 1969)
research into suitable alternatives.
It was formally accepted (Tamblyn, 1973) by the Forest Products Research Confer-
ence that alternatives should be urgently investigated.
10.xviii. The development, capacity and efficiency of the timber preservation indus-
try, but inclusive of veneers, in Queensland.
The author has stressed the importance of preservation on the departmental policies
of conservation and utilisation of timber species (Chapter 1, 2, 4-7, 8) and percentage
volumes of these local species which required treatment against, especially, Lyctus spp. In
those chapters, he indicated initial developments and subsequent expansion of the industry
to meet those aims. In this chapter, the writer points out two influences for installation of
vacuum pressure systems were increasing age of open tank units and a concurrent
development of industry practices to amalgamate and centralise production.
The subsequent large increase in numbers of (full cell) vacuum pressure plants was
(Appendix 14, Chapter 14) related to modifications in processes, to an increase of
efficiency, development of the Vacuum Pressure Diffusion Process (Chapters 12, 14) and
by research (Chapter 12) enabling flexibility of moisture contents suitable for treatment
with overall increases in treatment economics.
Quantitative increases of sawn (and round)  timber and veneer plants, with compara-
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tive production, are shown in Graphs 25, 26. The years are selected to show the change from
the open tank systems, then at a zenith and stable in total production capacity, to the
influence of vacuum pressure plants on  their joint total treatment capacity and on their
percentage of timber production.
 It will be noted that, in terms of percentage of total sawn timber production, as listed
in Table 41, Appendix 20, the industry total has remained reasonably steady subsequent to
approximately 1967-68, but it is emphasised that round timbers, such as poles, are not
included in that Table.
The relative capacity increase of the veneer treatment industry (1950/51 to 1972/73)
and stability of total veneer production since 1959/60 to 1972/73 are shown in Graph 27.
To a large degree, treatment capacity increase was due to use of the “Momentary Dip”
process (Appendix 14) and the stability of veneer production was due to rationalisation of
the industry, partly because of species availability and, in part, loss of market share to
competitive sheeting materials. 
became significant in utilisation for veneers and plywood about the early 1970 period.
Author’s note; data, on which these Graphs and Table 41 have been based, were
compiled from plant treatment, and sawmill, returns supplied to the department.
10.xviii.i. Effectiveness of plant control on the quality of treated timber products.
Routine sampling of treated sawn and manufactured product (Chapters 1, 2, 4, 8, 10,
12) was carried out at plants, externally by inspectors from such as the Queensland Housing
Commission, or financial institutions and by random sampling by Forestry staff. Similar
round timber sampling included that by pole inspectors for Electrical authorities. In this
assessment, discussion is limited to sawn timbers, as  exemplified by housing timbers and
machined products such as flooring or external sheeting. The effectiveness of plant control
by the industry is shown by results of sampling of a total of 4310 samples over a period of
18 months (1973/74), and analysed monthly. Separate results are given for North and South
Queensland, namely a  mean respective sample failure rate of 2.79% and 2.34% for the two
zones. That period was selected to indicate need for cognisance of preservative properties,
such as leachability, when treated products may be subsequently exposed to extreme
conditions of rainfall and, in certain areas, to severe flooding. This relationship is typified
by findings that, related to abnormal weather conditions, for each of two monthly sampling
in that abnormal period, a failure rate of up to 12% in North Queensland areas was detected
for the random post-treatment sampling. The increase was shown to relate to rainfall and
flood leaching effects.
If a failure was detected (Chapter 2), reasons for this were determined and problems
rectified  by  plant visits, full sampling of treated charges and assessment of operator
efficiency by the writer or a member of the staff (subsequently in North Queensland and
later in Central Queensland by trained extension officers) to ensure the problems were
rectified. When CCA salts were marketed, salt suppliers were also involved and their
technical support staff liaised with Forestry to rectify the problem and causes.
10.xix. Pollution and occupational health aspects.
Arising from increased concerns (circa 1973-9) over aspects of particularly, but not
restricted to, CCA usage, with emphasis on sludge removal and safe disposal, possible
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soluble salt escape into waterways, all then regulatory bodies and suppliers investigated
solutions. Plant health aspects had been reviewed by the Industrial Health bodies. This
writer was (u.p) involved with both State and Commonwealth Health and Regulatory
Departments. A very effective research  project (u.p), attributed to D. Price of Koppers Ltd.,
used a procedure of cement sealing of sludge similar, but on a simpler scale, to solutions
proposed for disposal of nuclear waste.
These concerns for the pollution and possible health and environmental hazards of
preservatives have resulted in very strict control (AS 2843.1, 2843.2, 1985) over plant
designs and operations. The controls include protective clothing, restricted areas, bunds and
holding areas for treated stock. In Queensland, a total of 8 regulatory and supervisory
bodies, which include the now Forest Service, Primary Industries Department, empowered
by  6 major Acts and by supplementary Regulations, are involved. For the plant operation,
all of the above bodies are again involved. Constructional requirements are such that only
a large organisation could undertake preservation under those standards.
10.xx. Chlorinated hydrocarbon emulsions.
The writer indicated (Chapters 8, 9, Section 10.6.iii.ii) use of insecticides for water-
proof adhesive bonded plywood showed the need for a non-leachable preservative. and this
need extended to many timber products. Market requirements were for a termiticide, or
general purpose, insect control preservative with effectiveness over a wider range than
boron salts, but without the adverse colouration effects of CCA salts. Two stable emulsified
formulations, aldrin and dieldrin (later chlordane) were approved for applications such as
veneers, or a special case for sawn timbers (a trained chemist was employed) in one vacuum
pressure plant. Special control procedures, including health and pollution control, were
mandatory and operative in all installations. Control, health and safety requirements were
monitored.
10.xxi. Copper and Zinc Naphthenates.
Particularly the copper naphthenate, admixed with an insecticide, and in light organic
solvent, was used. The copper salt was used  for plywood treatments and in two vacuum-
atmospheric plants [one marketed commercially with technical service facilities] which
included large scale treatments of plywood and plantation timbers.
10.xxii. The cost effectiveness of research into possible alternative preservatives.
A recurring problem in establishment of a research application project on new
preservatives relates to feasability evaluations. The usage in terms of a modern chemical
plant is low, less than 2-3000 tonnes/year. Due to the distances involved, transport, storage
and service costs are high. In addition, the timber industry is a low recovery type operation.
Typically, and that figure is heavily dependent on preservation as indicated in this thesis,
only about 60% of the total log input is utilisable as sawn timber, the industry is highly
labour intensive but generally made up of small individual production units. The imperative
for the justification of preservation (cf. Introduction, Chapter 1) was not only to increase
utilisation and recovery, including  range of species, but additionally, a national, as well as
state, financial requirement was to reduce the dependence on imported species, many of
which had properties greatly inferior to the wide range available from local timbers. An
annual national expenditure of the order of 3 billion dollars is incurred on such timber
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imports. There is a constant need by all parts of the timber industry, aided by government
bodies, to maintain minimum chemical costs, commensurate with effective treatment
standards with adequate health and safety in plants and for users, to ensure treated products
are economically competitive with alternative materials.
 If these are not achieved, the industry would become unprofitable and hence
nonviable.
If that situation is reached, the overall utilisation policies of a Forest Service are under
threat. That is one major reason why the Queensland Forest Service had maintained its
extensive services to both the producing and using industries. The Acts (T.U.P.A., 1949)
ensured consumer needs were adequately met by timber treatments.
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CHAPTER 11
QUANTITATIVE DETERMINATION OF PRESERVATIVE COMPOUNDS
USED IN QUEENSLAND. RESEARCH  INTO SEMI-QUANTITATIVE
DETECTION  OF BORON COMPOUNDS IN TIMBERS BY A SPECIFIC
“SPOT TEST”.
11.i.  In several parts of this  thesis (eg. Chapters 10, 12, 14) the writer has emphasised
the essential need for accurate control of the many aspects of the preservation industry.  He
has made reference to approval (Chapter 1) of a co-ordinated policy for effective establish-
ment of that industry which (Chapters 2, 10) required a provision of treated products
guaranteed as suitable (including in health and safety) for their intended use at an economic
level of cost, an aim with which it is intrinsic that chemical control is effective.
11.1.i. The exigencies of legal requirements (Chapter 2), distances involved and
possible variations (Chapter 3) in service life of treated products, meant chemical control
must be applicable both in a central laboratory situation and, at the same time, be capable
of field application. Additionally, need existed for effective, specific, “spot test” procedures
for rapid detection and desirably semi-quantitative measurement of treatment levels. In
discussion of chemical control, with emphasis on boron compounds, the writer first
examines aspects of necessary analytical research, its applicability to both treated timbers
and solutions with its extension to field and treatment plant environs. That was successful
and so  enabled extensive research into effective “spot tests”, again with emphasis on
detection of boron compounds and which is then described. Standards (Section 10.x.viii,
Chapter 10) of treatment achieved by the industry were directly dependent on successful
results of research and  applications of analytical and “spot tests” techniques.
11.1.i.i. From 1946 until late 1947, when the Branch chemical laboratory was re-
initiated by him after its closure (1942) during war years, the writer was seconded  to the
Government Chemical Laboratory for this work and concurrent development of experience
in other analytical fields, also including a close liason with the Government Agricultural
Chemical Laboratory (located in an adjacent building [direct joint access]).
Both senior laboratories operated at a high efficiency, but, more importantly in this
context, were required also to meet legal standards under a number of both State and
Commonwealth Acts. An important aspect was both senior laboratories groups extended
into field situations. Experience gained from those groups included analytical procedures
(with legal standards when applicable) which emphasised the importance of testing all
reagents used, for both macro and micro analyses, to ensure an allowance was made for any
“reagent blanks” in the determinations, especially those based on an instrumental proce-
dure. Experience was gained in areas of plant, eg. timber and crop, analyses, extractive
(essential oils and tannins) chemistry, soil and water analyses, health and pollution, paint
and corrosion technology.
11.1.i.ii.  As illustration of some advantages of that association were certain of the
writer’s research projects, using their special measurement facilities and equipment (but not
available in the Branch laboratory), such as the initial development by  a Lovibond
Tintometer of effective  “spot test” techniques for boron compounds in treated timber
(Section 11.x), the chemistry and  extraction of tannins, development (using the Tintometer)
of the clarification techniques for laboratory, field and plant analysis of boric acid solutions
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(Section 11.4),  and studies (Cokley, 1946) on problems when (cf. Section 10.6.ii.i.c) boron
treated waste was burned  as a fuel or was used (Section 10.6.ii.ii) as a fertiliser.
11.1.ii. Also developing from that association and in addition to the standard analytical
literature, texts and techniques (eg. Moore and Johnson, 1967), or  appropriate  Australian
and overseas Standards, the writer accepted three major sources as basic references for the
Forestry laboratory applications (including physical studies - especially for plywood and
veneers). As these references were heavily utilised by the writer and laboratory staff in
developing suitable analytical methods, they are not separately referred to in this thesis for
other than specific studies. They were;
1. The A.S.T.M. series of Standards (including physical).
2. The A.O.A.C. Methods.
3. Soil and Plant Analysis by Piper (1944).
Due to its principal applications, this chapter discusses analytical and field control
mainly for boron compounds,  but with subsequent references to other preservatives,
including sodium fluoride and CCA multisalt formulations.
11.2. Laboratory Determinations of Boron Compounds.
11.2.i. Historical development in the timber industry.
When (1939) the commercial treatment of veneers by Hot Immersion began using
boric acid, no active plant control  procedure was prescribed, other than solution make up
on a volume usage and its periodic replacement. A sample of boric acid solution was
forwarded to a central chemical laboratory for analysis; the analysis of veneer was
infrequent. Under circumstances then prevailing, further refinements were impracticable.
Qualified staff were few, trained personnel were not employed by industry except in very
isolated cases, nor were suitable academic training courses available to the industry. Onset
11.2.i.i. The method of analysis of solutions recommended by Cummins (1939) was
based on making an aliquot alkaline with sodium hydroxide, then evaporating cautiously
in a platinum crucible, ignition to remove organics, solution and final titration. Gregory
(1942) developed a plant method of solution analysis, termed the “Crystallisation Method”.
Its importance rested in acceptance by industry (and administrators) of possible need for
plant control.
In his original proposals for preservative treatments of sawn timber, Gregory (1942)
based treatments on boric acid solution concentrations up to 16% m/v. The method was
based on the solubility of boric acid as a function of temperature.  In the “Crystallisation”
procedure, for the lower concentrations, a quantitatively weighed mass of boric acid was
added to an aliquot of the solution, which was heated and allowed to cool. The temperature
at which formation of the first crystals occurred was noted and compared to a table of boric
acid concentration with temperature.
Variability of the technique was discussed by Young, Welch and Christensen (1946).
The boric acid concentration / temperature relations were inapplicable when borax, or
a homologue, was used, or if admixed with boric acid.
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TABLE 42
Comparison of “Crystallisation” method for estimation
of boric acid concentrations in treatment solutions.
inter-laboratory (1) and alternative Methods (2).
method results
of analysis. Q‘ld. N.S.W. DFP
(a) (b) (c)
crystallisation.
operator A 1.70 1.7 1.0-1.5
B 1.65 1.7 -
C - 1.9 -
D - 1.75 -
standard titration.
operator A 1.55 1.77 1.64 +/- 0.2
B 1.57 1.77 -
C - 1.74 -
titration (D.W.T.) (3)
operator A 1.65 - -
B 1.5 - -
B 1.6 - -
clarification (4)
operator A 1.73 - -
B 1.65 - -
notes;-
(1) Q‘ld= Q‘ld Forest Service. N.S.W.= Division of Wood Technology. DFP = Division of Forest
Products. Reported by;- (a) W. Young. (b) M.B. Welch.(c) Dr.G.N. Christensen.
(2) principal objective -evaluation of crystallisation method, originally developed by DFP for veneer
mills. Reference method was alkaline evaporation/ ashing, and re-solution prior to titration.
(3) alternative developed by D.W.T.
(4) procedure developed by this author (see text).
11.2.ii. Principles of boron analyses.
11.2.ii.i. Separation of boron compounds  from substrate, or mixtures, may be divided
into procedures based on the initial method (cf. Section 11.1.i.i re “reagent blanks”) used
for  their extraction.
They are;
11.2.ii.i.i. a method based on formation of ethyl borate, separated by distillation into
sodium hydroxide solution followed by estimation. This was used only as a reference
method.
11.2.ii.i.ii. as boric acid is volatile, degradation of the substrate, e.g. timber, by ashing,
was necessarily under alkaline conditions.  Gregory (1942) introduced the most widely used
mixture for that purpose in wood analysis. That was Lime-Escka (L.E.), a freshly prepared
dry mixture of calcium hydroxide and sodium carbonate.  With certain modifications, the
L.E. method remained the standard production technique. Care was necessary that the
calcium salt did not convert to the carbonate. Problems arose in original use of a “dry mix”
in giving a fully effective (L.E.) alkali coating unless reduced wood was of uniform texture,
180
generally obtained by sieving (cf. Chapter 6 - use of a fibrator). If the material was not
uniform, for example prepared by a rasp during  field analyses, the writer found admixing
reduced wood material with a measured slurry of the lime-escka was suitable. A preliminary
pre-drying over a low flame was desirable. Subsequently, the ash was cooled, dissolved in
a minimum volume of concentrated hydrochloric acid, neutralised to phenolphthalein by
sodium hydroxide, made to volume, filtered to remove the precipitated calcium which also
included “co-precipitated boron” (Section 11.2.ii.ii) and an aliquot was titrated by the
“Double Indicator” method using methyl orange as an initial  neutralising indicator (cf.
Section 11.3 re amendments), followed by addition of 1.5gms of mannitol to form a boric-
polyol complex for (Magnamini, u.d.) a final titration,  using N/20 sodium hydroxide, to a
phenolphthalein endpoint.
11.2.ii.i.iii. For high accuracy, variations of alkaline ashing methods were used to
remove interferences such as by silica and phosphates (Piper, 1944).
A method, Dodds (Piper, 1944), using these modifications was utilised by the writer
as standard reference against which other methods were calibrated.
11.2.ii.i.iv. Acid, or water,  extraction under reflux condensers to avoid loss of boric
acid.
Sterling (1946), Sterling and McKenzie (1946) showed use of the lime-escka proce-
dure caused a loss by precipation during subsequent steps in the analysis. To allow for the
loss, which was a function of boric acid concentration in the sample, “Precipitation
Correction Factors” or “Co-precipitation Factors” were introduced by those workers. For
boric acid concentrations (in wood), these were;
from 0.00 % to 0.05 % -  a factor of 1.00
from 0.05 %  to 1.00 % -  a factor of 1.08
above 1.00 % -  a factor of 1.13
11.2.ii.ii.i. To remove co-precipitation effects, they  introduced an alternative proce-
dure termed the “Single Indicator” or “Bromthymol Blue” method. However this was
restricted in the range of boric acid in the aliquot and involved (Section 11.3.ii) a micro
titration procedure. It was principally used for analyses of treated timbers rather than for
treatment solutions.
11.2.ii.ii.ii. In research programs on clarification,  the writer made supplementary
analyses of the discoloured solutions by  absorption of an aliquot (cf. Section 11.4) in lime-
escka, drying before ignition, solution, followed by neutralisation and subsequent titration.
11.3. Research into aspects of titrational estimations of boric acid (and oxide), borax
(or its homologues).
As boric acid behaves (Kemp, 1956) as a very weak, poorly dissociated acid, all
titrational procedures were based on a neutral boric acid (Section 11.3.i.i.a) at about pH 4-
5. This was reacted (Magnamini, u.d.) with a polyol, such as mannitol, or glycerol, to form
a stronger acid complex which could be effectively titrated by alkalis. These reactions
181
required initial conversion of all boron salts to the acid state, which required preliminary
neutralisation of the strong acid (eg. hydrochloric acid) prior to the formation of the
complex.
That led to two methods of estimation which were;
a. The Double Indicator method.
b. the Single Indicator method (Section 11.2.ii.ii.i.)
For effective uniformity of results, both methods were inter-calibrated using standard
samples, but the original Double Indicator procedure was first tested, and amended, to
rectify anomalies found in early research.
11.3.i. Suitability of, and correlation of, the Double and Single Indicator methods for
titrational analyses of boron salts in treatment solutions and treated timber.
11.3.i.i. The Double Indicator method.
There were several disquieting variables in the original method. They included aspects
as follows and with research  to rectify the problems being concurrently described;
a. Repeatability of, and reliability in detection by, the use of methyl orange indicator
(pH 3.1 to 4.4) in the preliminary neutralisation step. Using potentiometric titration
techniques, the writer found the neutral point from a methyl orange end-point, which was
described as a “salmon colour”, was of the order of pH 5.0, but varied. The visual end-point
of methyl orange indicator depended on operator colour sensitivity (cf. Chapter 4 re visual
starch tests) and differences in determination were given by several operators. A change to
methyl yellow, in the presence of other non-interfering ionic species (Kemp, p.15, 1956),
gave no improvement.
a.i. To clarify the specific end-point values, the author carried (Cokley, 1949e) out a
series of determinations of boric acid conductivity and of the neutral end-point by
potentiometric titration. He found end-point values were functions of concentration of boric
acid (Table 43) and were independent of whether tests were on solutions of treated wood
ash or on treatment plant solutions.
Those studies confirmed the methyl orange end-point was applicable only for very
high concentrations of boric acid in an aliquot from either a solution or wood.
a.ii. Influence of molar concentration of boric acid.
Boric acid is a weak acid having a dissociation constant of 6 x 10 -10 at concentrations
up to 0.1 molarity and this decreases with temperature (Kemp, pp. 14-15, 1956). De Witt
Stetten (1951) had examined the acid reactions of boric acid and his results confirmed the
pH changes above 0.1M concentration. Calculation showed that, for analysis of treated
timber, within a maximum  boron concentration range (as boric acid) being obtained, the
use of 5gms of wood sample, an aliquot of 25ml from a volume of 100mls, resulted in final
titration molarity not exceeding 0.1M. Values below those quantities were satisfactory.
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TABLE 43
Relation of pH values of boric acid solutions
(in distilled water) to salt concentration.
concentration pH
% m/v (1) molar (2)
4.04 0.654 3.97
3.53 0.571 4.17
2.97 0.481 4.30
2.19 0.354 4.48
2.00 0.324 4.58
1.51 0.244 4.70
0.62 0.100 5.70
notes ;-
(1) determined gravimetrically and analytically.
(2) replicate measurements.
This research led the writer to maintain concentrations  being analysed to below that
value and modify the method by use of methyl red (pH 4.2 to 6.3) as first indicator.For
treatment solutions, particularly of concentrations of the order of 3-4%, or higher, unless
the aliquots were within the above limits, molar concentrations would vary; dilution would
be needed to keep values below 0.1M.
a.iii. legal implications.
As stated (Chapter 2), a certain minimum concentration was prescribed, which, for
boron salts, was 0.20% m/m as boric acid (o.d. wood mass).  For legal determinations, the
existing methods gave a S.D. of 0.03-0.04% m/m, with a standard production reliability  of
0.05% m/m. Until approvals (Chapter 2) were given in terms of declaration of either starch
grading or an analytical result as “not detrimental”, the writer necessarily made legal
analyses using Dodds method as discussed below.
11.3.ii. Calibration of modified Double Indicator method using Dodds method (Piper,
1944) as reference procedure (Section 11.2.ii.i.iii) and inter-laboratory comparisons to the
Single Indicator procedure.
A series of calibration and inter-laboratory comparisons, were made (Cokley, 1949,
1950, McMullen, 1950, Adkins, 1951b). They included comparisons between the Division
of Wood Technology and the writer’s laboratory. For all studies a minimum of six
replications were examined. They included;
11.3.ii.i. calibration of the amended Double Indicator Method against Dodds method
was in two stages;
a. comparison of Dodds method against a gravimetric procedure. Results showed there
was a standard deviation  for Dodds method (Graph 28)  of +/- 0.008% boric acid equivalent
in wood when compared to gravimetric results.
b. subsequently (Graph 29), a calibration of the double indicator was made using
Dodds method. A linear relation (p = 0.001) was given with the equation of;
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Y = 0.005 + 1.0475 X                       (11.1)
where
Y = % boric acid (m/m, o.d. mass) in wood by       amended Double Indicator Method.
X = % boric acid (as above) by Dodds Method.
11.3.ii.ii. McMullen (1950) indicated the “Bromthymol Blue” or “Single Indicator”
Method became unreliable for boric acid concentrations in samples above 0.45% m/m.
Accordingly  inter-laboratory correlations were made. Adkins (1951b), as the supervising
statistical analyst, selected potentiometric titrations as the independent procedure. The
Bromothymol Blue method was compared to the calibrated amended Double Indicator
method. Results (graph 30) were;
y = 0.0807 + 0.6713 x (11.2)
r = 0.9942***
where
y = % boric acid (as above) by Double Indicator.
x = % boric acid (as above) by Bromthymol Blue.
11.3.iii. Selection of a standard laboratory analytical procedure for boron treated wood
specimens.
Dodds method gave a routine daily production rate, per analyst, of six samples, but the
Double Indicator rate was 12 per day and the latter was adopted as routine.
11.3.iv. The “Char Method”.
There was a need (Chapter 10) for a simple field method of analysis for boric acid in
wood and Richardson (1954) developed a suitable technique. The ground (or rasped) wood
sample was made alkaline by dilute sodium hydroxide, slowly dried over a Meker burner
and then charred over a portable crucible furnace over the burner. The method was
calibrated against Dodds Method, using the techniques as above. Results (graph 31) were
(p = 0.01);
D = 0.9557 C + 0.0763                (11.3)
where D = result by Dodds method.
C = result by Char method.
The high value of the intercept (0.0763) was related to carboniferous material  admixed
with  calcium precipitate after acid “solution” of the “char ash” and which was then made
alkaline to phenolphthalein. This was made to volume and filtered. An aliquot was titrated.
The cause of the intercept was confirmed by preliminary filtration and washing, prior to
making the solution alkaline.
11.3.iv. The writer submitted (Cokley, 1949a, 1949b, 1949d) research results on
analytical methods for boron to the Forest Products Conference and recommended that,
because  accepted methods had standard deviations of the order of +/- 0.03% as boric acid,
a tolerance should be adopted for the minimum approved concentration of 0.20% m/m. It
was considered by the Conference that, as that figure (Chapter 9) had a safety margin over
the value of 0.12-0.14% (Cummins, 1939) no tolerance was necessary. It is pointed out
margins discussed (Chapter 10), relative to a mean industry “mean core” concentration of
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0.52%, reflect analytical tolerances of standard methods.
11.4. Development of an effective procedure for the field  and laboratory analysis of
treatment plant (boron salts) solutions, including by plant operators.
The author indicated (Section 11.2.ii.ii.ii) application of the alkaline evaporation
(Cummins, 1939) method for solution analysis (silica or porcelain crucibles were suitable).
In developing the modification, variability of the “Crystallisation Method” (Table 42) was
confirmed.
There was urgent need for a rapid, acceptably accurate, analytical method to test
operating treatment solutions and this was required to be suitable for a laboratory, field and
plant, status which satisfied legal requirement (Chapter 2). Discolouration and extractives
which caused severe buffer effects would require prior removal for such a method. That
need increased with sawn timbers, as  original veneer solutions treating by the “Hot
Immersion” were typically discarded after several weeks use. That practice changed for
sawn timbers or the “Momentary Dip” method.
11.4.i. The “Clarification Method” of solution analysis for boron compounds.
11.4.i.i. Using techniques applied particularly in sugar  laboratories, Young (n.p.) had
attempted to clarify the discoloured treatment solutions by the addition of lead acetate or,
a. severe buffering occurred and methyl orange end-points were visually indetermi-
nate.
b. significant percentages of boron were co-precipitated.
11.4.i.ii. Following from  the above, and from earlier work on tannins (Cokley, 1946),
the author evaluated a number of clarifying agents and/or techniques (Table 44). Using the
Lovibond Tintometer (cf. Sections 11.1.i.ii,  11.x.ii.i.ii), he determined wood extractives in
solution were measurable as red, blue and yellow units and those in “red” or “blue” groups
affected readability of the indicators and caused severe buffering. Those measuring as
“yellow” units only were found neither to interfere in indicator end-points nor cause
buffering effects. Thus “clarifier” reagents were tested in terms of;
(a) removal of the “red” and “blue” extractives.
(b) any significant loss of boron during clarification.
(c) Clarifiers were tested for possible buffer effects by comparison of Double Indicator
results to potentiometric titration procedures.
Comparison analytically was against the “Evaporation Method” (Cummins, 1939)
using Double Indicator titration. The writer developed a modification (Section 11.2.i.v.ii)
of the “Evaporation Method”. This was used as a routine, supplementary, analytical control
procedure in this work. It was subsequently used as a confirmatory field analysis when
solutions were severely coloured by extractives.
11.4.i.iii.  For most clarifiers, other than hide powder and gelatine, both of which
required extensive washing to ensure no residual solution was retained, particularly for lead
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(eg. the nitrate) or calcium salts, it was found that, if added under alkaline, or at solution (pH
4.5-6) conditions, some boron precipitation did result.
This problem did not occur if, under a lower acid pH, a salt was used, or was formed
by “in-situ” reaction  with the active clarifier agent, and for which the solubility product (eg.
sulphate or oxalate) was lower than that for the corresponding borate salt. The author
standardised on the latter procedure and good results were given for a number of
clarification reagents.
Results for a range of clarifiers are given in Table 44.
11.4.ii. Final clarification procedure selected by the writer was based on a pre-
acidification of an aliquot by 15% m/v sulphuric acid,  using methyl red as an internal
indicator, and an addition of excess acid to precipitate lead sulphate  “in-situ” from later
addition of a 10% m/v lead nitrate solution. The acid and lead nitrate were added by separate
small measuring cylinders. The aliquot was “shaken”, made to volume and filtered, prior
to an aliquot being taken for titration. Neither buffer effects nor boron precipitation
occurred. Procedures for field analyses of treatment solutions and standardised for use by
plant operators are described in Appendix 21 (cf. amendments, Section 11.5).
Use by interstate (New South Wales) plants.
At the invitation of, and with the co-operation of staff from, the Division of Wood
Technology, plant personnel in the general Northern Rivers districts of New South Wales,
including to Coffs Harbour, were trained in plant control techniques (Chapter 10), the
Clarification method of solution analysis and treatment schedule applications as detailed in
Chapters 12 and 14.
11.5. Amendments in analytical methods for boron salts.
11.5.i. Ratio of mannitol to boric acid in aliquot.
The original procedure nominated a quantitative addition of 1.5gm of mannitol to the
aliquot being titrated, after the initial neutralisation, which had (see above) been amended
to use methyl red indicator. This formed a boric acid/polyol complex suitable for titration
by alkali. A number of workers (Magnamini [u.d], Srinivasan and Sreenivasaya [1934],
Boesekin [1915] had independently investigated  formation of this complex. Kemp (1956)
cites a change in the value of the  dissociation constant from 6 x 10-10 for boric acid, to a value
of 7 x 10-6 for the complex. That writer also cites authorities who state that, above 0.1M, the
11.5.i.i. Evidence suggested the standard addition weight (1.5gm) of mannitol would
be adequate for normal boron (as boric acid) concentrations in wood, but that it may be
insufficient for levels found in treatment solutions.
They were then currently (Young, 1946c) of the order of 3-4% m/v of boric acid.
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TABLE 44
acid solutions used in the treatment of veneer and sawn
timber (Cokley, 1947). (3)
clarifying result (*) remarks
compound cl.  bu.
(a) (b)
n. lead acetate + s. boron loss
basic lead acetate + “ “    “
lead chloride -
lead iodide + +
lead nitrate + + ppt.in alkaline pH
lead oxalate (1) + +
lead oxide -
lead sulphate + +
“   “  column + +
lead sulphate solution initially made
formed “in-situ” + + just acid by sulphuric.
gelatine (2) + + requires washing
hide powder (2) + + “     “
barium salts + +
calcium salts (c) + + pptd. in alkaline pH
animal charcoal - absorbs boric acid
Fuller’s earth -
kieselguhr -
notes;-
(*)  cl. - clarification, bu. - buffer effect
(a) + = satisfactory   - poor in clarification
(b) + = satisfactory, s = severe buffer, - buffer. (c) dependent on calcium compound used. The nitrate
may be substituted for the lead nitrate procedure.
(1) used for initial plant quality control but
replaced by lead nitrate /sulphuric acid procedure.
(2) based on earlier studies on tanning compounds.
(3) additional ones used in laboratory as needed.
11.5.i.ii. Alternatively the significant quantity and the relationship to form a complex
with all of the boric acid present may be based on the ratio of mannitol to boric acid. The
aliquot used in the reference evaporation method, using dilution, was low in terms of the
actual mass of boric acid present and required titration using a micro-burette with 0.05M
sodium hydroxide solution.
To clarify these queries, research was carried out with pure solutions of boric acid,
where quantitative ratio of mannitol to boric acid was measured against change in pH
values. That study and analyses, confirmed the  ratio of the complexing reactants was the
significant variable.
Fall in pH was significant when the ratio dropped below 1.5 mannitol to 1 part of boric
acid (graph 32). For values where the mannitol ratio was three, or more, parts to one of boric
acid, the pH change was not significant. That ratio was chosen, and, by calculation, an
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aliquot of solution should not exceed 0.5gm of boric acid for the addition of 1.5 gm of
mannitol to be adequate in forming the complex. For operational concentrations then used
(3-4% m/v boric acid), that corresponded to approximately a 10 ml aliquot from the original
solution. The writer, for this and for reasons associated with the clarification technique and
volume usage (hence life) of 0.1N sodium hydroxide, selected a maximum aliquot of 25mls
which was then diluted to 100mls. From that, a final aliquot, not exceeding 25mls, was
sampled for titration. As treatment solution concentrations  were progressively reduced
(Chapter 12) to an overall average of 2% m/v (as boric acid equivalent), with lower salt
retentions in timbers, the volumetric sampling ratio was maintained.
11.5.ii. Substitution of glycerol for mannitol as the complexing polyol.
Studies showed mannitol was not suitable for plant use, especially under tropical
conditions. If solutions were used instead of gravimetric addition, they required to be
freshly made up. Research, following similar lines to that used to determine the mannitol
ratio, confirmed that 40ml of glycerol, added by measuring cylinder, was equal to 1.5gm
of mannitol. This substitution was suitable for field, for laboratory and plant use. The
method issued to plant operators is given in Appendix 21.
11.5.iii. Comparisons of amended methods to the standard procedures for analysis of
solutions of boron compounds.
Referee testing was made, some results of which are cited in Table 42, of research
results as detailed in Table 45, Independent referee analyses are shown in Table 46. These
methods were adopted by the industry and were prescribed under T.U.P.A. (1949) for plant
control. Clarification procedures were subsequently independently tested by the Division
of Wood Technology and approved as satisfactory for use by plants under their Act (TMA,
1946).
TABLE 45
Comparison of results of boric acid (percent m/v)
solution analysis with clarification techniques
(1) against the standard laboratory procedures.
clarifying results % m/v. boric acid by;
compound standard clarification no.
method (mean / range)
lead oxalate (2) 1.88 1.84 21
(1.80   1.92)
“ 0.92 0.92 17
(0.88   0.95)
lead sulphate 1.20 1.22 1
(3) 2.03 2.04 1
1.87 1.84 1
1.90 1.88 1
1.95 1.93 1
2.31 2.23 1
2.17 2.20 1
notes ;-
(1) part of on-going research (Cokley, 1947).(2) replicate determinations for lead oxalate tests.
(3) single determinations {see (1)} to illustrate variance of estimation.
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11.6. Training of plant operators in solution analysis,  in chemical hygiene and in the
maintenance of standards of reagent accuracy.
An important part of the author’s role was in training of operators. On-site training
(Chapter 2) was used with the operator being trained not only in analysis, but also in
chemical hygiene with reagents and preservatives. Where possible, a second person was
trained as support to the operator. An essential factor was maintenance of reagent accuracy
in standards. That related particularly to the 0.1M sodium hydroxide (see below), but
included glycerol. It was pointed out in selection of aliquots, that volume usage was a factor,
and, concurrently, the writer found micro, or low volume, burettes were unsuitable.
TABLE 46
Referee (1) analyses of boric acid solutions (2) using
clarification and Lime-Escka absorption (3) methods.
sample results ( % m/v boric acid) by
(2) std. clar. L.E. ab. (4)
A 1.51 1.50 1.46
B 1.49 1.50 1.40
C 1.46 1.47 1.41
D 1.50 1.51 1.46
E 1.25 1.20 1.23
(vat 1)
F 1.40 1.30 1.38
(vat 2)
notes ;-
(1) made by Dr. G.N. Christensen, Division of Forest Products, CSIRO, see text.
(2) commercial treatment solutions, separate samples.Samples A—D taken from one solution, E and F
from other solutions.
(3) modification of Lime-Escka method used for wood analysis developed by author for solutions (see
text).
(4) std. = standard method; clar. = clarification.  L.E. ab. = Lime Escka absorption as in (3).
11.6.i. It was desirable to ensure the sodium hydroxide used by plant operators in
To achieve this, the writer, initially during training of plant operators, or when making
plant inspections, had included small concentrations of barium hydroxide to act as a
“marker” for presence of carbonate in the standard. That was shown by a fine precipitate
which made the solution “cloudy” (due to the solubility product of barium carbonate
compared to sodium carbonate).  By an arrangement with chemical suppliers, this addition
was later made before supply of the hydroxide to the plant.
Subsequently chemical suppliers provided a concentrated (25, 50 or 100 ml) sodium
hydroxide in a sealed pipette, which was broken and made up to 1 litre as required. The
volume useage, based on daily analysis, was calculated to exhaust the litre of standard in
approximately 1 month. A supplementary periodic visit by the writer, or staff, included
checking of analytical procedures and reagents.
11.6.ii. An effective  “support network” was organised by the author with local
pharmacists or, especially in North Queensland, by co-operation of local sugar mill
chemists.
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 Check solution analyses could be done using that network, with subsequent samples
sent to the Department. Under normal conditions, plants would order the reagents or
laboratory equipment through local pharmacists (ensuring correct supply). The “network”
aid included engineering support, re-calibration of thermometers or vacuum gauges.
11.7. Studies into colorimetric procedures for estimation  of boron compounds.
11.7.i.To extend sensitivity of laboratory titrational  determinations, colorimetric
procedures (Cokley, 1950) for boron estimation  were examined. Emphasis was placed on
methods employing  turmeric (curcumin) reagent, or by Chromatrope 2B, and quinalizarin.
The curcumin method was extremely sensitive (suitable for ppm ranges) and as such offered
no advantage (cf. Section 11.x for “spot tests”).
11.7.i.i. Berger and Truog (1944) had examined and reported on the quinalizarin
procedure. Studies by the writer’s laboratory showed:-
(a) the method was time/temperature sensitive in the colour development and stability
of the complex.
(b) it was influenced by ratio of quinalizarin to boron.
(c) it was very sensitive to small changes in the strength of the concentrated sulphuric
acid used with the quinalizarin. Change of acid over a range from 95.5% m/v to 98% m/v
had significant effects (Table 47) on the  readings. A standard value of 98% m/v. was
selected.
(d) The sensitivity of the method fell off sharply above 0.60% boric acid in the timber.
For a non air-conditioned laboratory  which operated  under typical Brisbane climates,
the method was found not suitable and was not adopted.
TABLE 47
Effect of sulphuric acid concentration on colorimetric
measurement of boric acid in timber using Quinalizarin.
boric colorimeter reading using
acid(1) sulphuric acid conc. of (2)
% m/m. 95.5% 98%
0.00 20.2 15.0
0.10 22.5 18.0
0.20 24.0 20.5
0.40 27.0 24.5
0.60 28.5 27.0
0.80 28.5 28.5
notes ;-
(1) per cent as boric acid on o.d. basis. Concentrations confirmed by separate procedures
[see (2) below]; data statistically analysed.
(2) results of six replicate studies, inclusive of referee analysed timber samples (see text).
11.8. Sodium fluoride in Solutions and Wood - its effect on boron estimations in
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treatment solutions and chemical determination of fluoride.
This is examined from two aspects, namely;
11.8.1.Influence of sodium fluoride on titration of boric acid.
As indicated in Chapter 10, in 1974, due to shortages of boron salts, sodium fluoride
was incorporated with borax.
In development and use of diffusion type preservatives formulations, based primarily
on boron compounds and sodium fluoride, supplier recommended plant control was based
on densimetric techniques, using a hydrometer which was calibrated against solution
concentration. It was necessary to carry out periodic analysis to confirm the component
balance. Previous investigations of  mixed formulations by the author indicated sodium
fluoride may interfere in conventional double indicator titrations for boric acid. The effect
was associated with the methyl red neutral point. Studies were made to confirm whether this
was;
(a) a function of concentration of boric acid, or
(b) a function of ratio of sodium fluoride to the boron compound.
As borax decahydrate was commonly used as a source of boron compound in dip
diffusion salt mixtures, an initial comparison was made over a concentration range (as boric
acid) of borax. The ratio of sodium fluoride solution was varied. Typical data are shown
(Table 48). These studies were subsequently extended to cover boric acid and borax
homologues. Results confirmed interference occurred and it was a function of fluoride ratio
to boron (as boric acid) concentrations.
11.8.i.i. When clarification procedures (Appendix 21) are used in solution analysis,
11.8.ii. Chemical determination of sodium fluoride in the solutions or treated product
will be restricted to the examination of, and problems found in, wood analysis, to
description of alternatives adopted (eg. field solutions) and to discussion of other applicable
methods.
11.8.ii.i. Classical methods were based on;
(a) gravimetric
(b) distillation as silicofluoride.
(c) distillation as fluoride.
For (b) and (c) final estimation was either by volumetric procedures or
spectrophotometrically.
11.8.ii.ii. The Australian Standard 060 -1956 prescribed initial alkaline ashing
followed by steam distillation, using phosphoric acid, into an alkaline absorbent. This was
carried out at 200o +/- 5o C. and at a distillation rate of 400 ml/hr. The high temperatures
prescribed were difficult to maintain. Results were satisfactory when determinations were
made on pure standard solutions.
When wood ash was distilled, particularly if the ash contained some phosphate and
carbonaceous material, severe interference was obtained. Reference sample analyses made
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(A.O.A.C.) by standard procedures by the Agricultural Chemical Laboratory  (cf. Section
11.1.i.i), of which the Director was an eminent authority on fluoride analyses, confirmed
interferences.
TABLE 48
Effects of ratio of sodium fluoride on determination of boron compounds (1) in
mixed preservative solutions.
series control. boric acid(3); sodium fluoride con. of;
(2) 0.00%(a) 0.5% (a) 1.0% (a) 2.0% (a)
1 0.00 0.00 0.00 0.00
2 0.30 0.31 0.34 0.46
3 0.60 0.61 0.66 0.76
4 1.19 1.26 1.45 1.51
notes ;-
(a) 1Oml. aliquot of sodium fluoride solution, of the concentration shown, added to 1Oml aliquot of the
boron salt of boric acid (equivalent) solution. For control,equivalent 10ml. of distilled water added.
(1) studies included borax homologues and boric acid,subsequently extended to commercial plant
control.
(2) triplicate measurements.
(3) measured as equivalent boric acid, % m/v.
Under the high temperatures of distillation and with the reasonably high viscosity due
to the phosphoric acid, it eventuated  phosphate entrainment in the distillate, even at the slow
rate of distillation, was responsible for the interference.
New Zealand Standard Code of Practice (1953) used a permanganate/sulphuric acid
media for the distillation, followed by titration using thorium nitrate. No problems were
found using this latter procedure for wood ash and it was adopted as the reference analytical
procedure. A problem  in reproducibility of the titrational end-point was overcome by
investigation of the volume of indicator added; increase of this from 0.5ml to 2.0ml did not
cause interference and improved detectability.
11.8.ii.iii. Estimation of fluoride is difficult and the reference literature on this topic
is numerous. Williams (1969) developed microtechniques by alizarin complexes. Garbutt
and Levy (1972) published procedures.  Australian Standard AS 1605-1974, adopted New
Zealand Code of Practice (1953) as the reference standard method.
11.8.ii.iv. high frequency titration of fluoride.
Vogel (1964) discusses use of a high frequency titration for determinations of fluoride.
The writer examined these techniques, but found the method desirably still requires
separation of interfering agents by distillation. Thorium nitrate gave a  very satisfactory
titrational curve at a frequency range of 1.5-2.5 Mhz. and with detection by null point
measurement. Most high frequency procedures use “zero-beat” techniques against a
standard oscillator, with measurement by audio signal. Some error is given by dependence
on the audio null-point which is dependent on signal amplitude. Investigations by the writer
found it was more effective to measure the null on a centre reading d.c. output meter after
rectification, but an alternative, more rapid and accurate, method of end-point measurement
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was to connect the output to an oscilloscope and visually measure a “zero-beat” condition.
11.8.ii.v. The fluoride specific ion electrode.
Forstmanis and Lynch (1968) reviewed application of the fluoride specific ion
electrode. They developed the use of citrate as an inhibitor of phosphate/aluminium
interference. Silica is also a major interference. Johnstone (1969) reported research into the
use of specific ion techniques with timber. In that period, interference was preferably
removed in wood analysis by the distillation technique.  Kennedy (1974) reviewed current
techniques applicable in specific ion procedures. He studied use of ammonium
sulphosalicylate-E.D.T.A., a buffer recommended by Palmer (his reference [13]) reporting
satisfactory elimination of interference, particularly of aluminium. He reports detectability
to 2.0 ppm in the final solution, corresponding to 0.02% m/m of sodium fluoride in the
wood.
The specific ion electrode and high frequency titrimeter (or measurement techniques
described above) are valuable alternatives to titrational methods by use of indicators.
11.8.ii.vi. field analysis of sodium fluoride in timber treatment solutions.
For veneer plants, using the “Momentary Dip” (Appendix 14) the non-availability of
plant analysis of fluoride solutions was not a serious problem. When (Chapter 10) it was
incorporated in sawn timber treatment, need arose for such analysis and a suitable control
titrational method (Queensland Forest Service, 1974), based on thorium nitrate was
developed. This was selected over alternative colorimetric methods (Snell and Snell, 1949).
The method was modified to a suitable field technique. Selection of titrational methods for
plant control was retained due to similarity in colour changes in the end-points to those
pertaining to procedures normally used for boron salts.   Interferences were removed by use
of an ion-exchange resin, Amberlite IR-45 (OH). In the treatment solutions, the fluorine/
boron salts ratio was maintained at 3:1, expressed as sodium fluoride (NaF) to the boron salt,
with the latter expressed as boric acid equivalent.
11.9. Solution and wood analyses of CCA preservatives.
Small modifications for solution analyses were required to overseas procedures which
were adopted. These included a limitation of 3 weeks, prior to analysis, on “working
solutions”  due to wood extractives. Above that time, the  reduction of dichromate (Chapter
10) was significant. To this was added need for centrifugation, or filtration, to remove
insoluble particles.
For wood, adoption of overseas methods involved changes in extraction techniques;
final procedures followed were principally the New Zealand standards and are described
in AS 1605-1974. Later techniques, for especially the copper component, used atomic
absorption.
11.9.i. plant analyses for multisalts.
The writer has (Chapter 10) indicated plant determination of multisalts by operators
was by hydrometric methods. He discusses the use of and reasons for measurement of the
hexavalent chromium salt for routine and field analyses. The applications of a “Correction
Factor” were discussed.
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11.9.i.i. During research on which relationships (Chapter 10) were based, it was found
that, in addition to effects of particulate undissolved salt components and dissolved
extractives on plant hydrometry measuremnts, unexplained variabilities were found. They
were noted especially in high concentration solutions.
11.9.i.i.i. As a result, during their investigations, the writer and co-worker (Cokley and
Smith, Rep. No. 4, 1965) tested hydrometer/solution concentration calibrations, using
filtered, and/or centrifuged, solution samples, by;
i. direct density by mass/ volume measurement of the centrifuged samples.
ii. density by Westphal balance on samples as for i.
iii. Certified hydrometers.
iv. Measurements as in i. to iii. after clarification using a filter candle.
v. Comparisons, using these techniques, were made on measured dilutions of samples
to test calibration tables.
It was found problems described  arose from  calibration charts supplied to plants and
for which density curves in  higher solution concentrations were  by extrapolations of
density/ hydrometer calibrations from ranges studied  [Chapter 10] for the significantly
lower solutions used overseas. A second hydrometer, based on the extrapolated curve and
chart, was issued by salt suppliers for use for stronger solution concentrations.
Study showed the original concentration/ hydrometer line used had been extrapolated
as linear, but was in fact a shallow curve and the nominal “best fit” linear relations were two
lines (tangents to the true curve) intersecting at a common point of 6% m/v. Following on
the studies, in which salt suppliers co-operated, local manufacture, and supply to plants, of
re-calibrated hydrometers and charts relating density to concentration rectified the prob-
lems.
11.9.i.ii. Concurrently, Dr. W. Chamberlain, acting as consultant for Hicksons (later
Koppers) Ltd., with assistance from Mr. G. Volk (Queensland manager for Hicksons),
developed a suitable clarification technique using kieselguhr, followed by suction filtration
of solutions using a “take-off” line from the plant vacuum pump. The procedure  (Cokley
and Smith, Rep. No. 4, 1965) was given formal approval under the Acts, so enabling plant
11.x. Research into, development of, a semi-quantitative spot test for timber treated
with boron compounds.
Prologue.
“Spot Tests” in research on the presence  or distribution of preservatives in timber
substrates,  qualitative/semi-quantitative assessment of a preservative concentration or
reactive states, and inclusive of possible  effects of environmental conditions on stability
of preservatives which have been inpregnated into timber.
Spot tests have an extensive association in the classical analytical chemistry fields
(Feigl, 1958, 1966) and form part of the preliminary “Group tests” in an analysis of
mixtures. They had an integral role in microchemistry and techniques such as the “borax
bead test” for colour given in “flame tests” on a platinum wire illustrate that role. In most
cases, they had a qualitative role supported by quantitative instrumental methods, eg.  flame
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photometry, which may be described as  fore-runners to modern micro techniques such as
by atomic absorptiometry or  gas chromatography. Modern “breathalyser alcohol” testing
is an example; a portable unit gives a semi-quantitative reading which is confirmed by a later
blood sampling for quantitative values.
Spot tests became important tools in preliminary field assessment and classification
(Webb, 1956) of, especially rainforest, species in  phytochemical studies, separation by
paper, or column, chromatographic techniques which played a part in studies on plant
materials by university research groups by which chemical constituents, which may have
medicinal value, were extracted and identified.
In timber preservation, spot test roles may be summarised by the aims of their use and
are classified by the author in terms of the method of application to timber, namely;
a. Macro application of a reagent, illustrated by starch tests (Chapter 4) or turmeric/
boron tests under review. Here an excess of reagent is applied to a surface and presence of
the impregnand is shown by a colour change. This is important when the impregnand is not
an “auto-indicator” such as creosote oil. For this test, the preservative must be soluble, or
be reactive, or be in a form, eg. valency (cf. Chapter 10, hexavalent chromium anomaly)
suitable for reaction with the reagent. In these conditions, particularly if the preservative is
mobile or soluble in the solvent carrying the reagent, “bleeding” (cf. Chapter 12) across a
test surface can lead to errors in assessing preservative distribution sites in timbers. That
possible erroneous interpretation on distribution is more likely in hardwoods than in
softwoods.
An illustration is the cutting by saw (eg. T.S. section) of a freshly impregnated sample
treated by a soluble and mobile preservative, such as boric acid, to which the acidified
alcoholic (95% ethanol) solution of turmeric is applied. Boric acid is soluble in the acidified
ethanol, which is highly mobile in timber; the reacted turmeric is soluble and “colour
bleeding” occurs across the adjacent tissues. Transfers across the surface by the sawing also
affect assessment. Visual indications, by that procedure, of boron distribution are gravely
in error (cf. Sections 12.3, 12.4, 12.5, Chapter 12). This error from “bleeding” may be
readily confirmed by techniques as in b (below) and is applicable over a wide range of
preservatives.
a.i. for this area of application, micro, or trace, level of detection is generally
inapplicable. For preservatives to be effective, they are typically present in treated timber
in semi-macro, or macro, concentrations.
Higher levels of preservative (over trace concentration) needed a wider range in test
assessments. Accordingly, it was often necessary, eg. in the boron/turmeric (curcumin)
reaction, to extend ranges past conventional measurement levels. Some situations (cf. type
b, below) arise where trace levels are needed, but these are generally better examined by
extraction procedures as developed (Chapter 4) for visual starch values. A micro level
detection test  applies if a preservative movement occurs due to leaching or to  volatility
(Chapter 10), or where contamination of soils, crops, or water supply pollution, is
investigated. Micro analyses support the tests.
a.ii. Though not generally classified as “spot tests” in the classical  sense, studies, such
as a  pH measurement by indicators (Chapter 8), are also considered by the writer as
extensions of this area of research.
b. micro spot tests are generally used to examine sites of preservative distribution, but
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the writer classifies a wettability (Appendix 15) test in this group. Here, the term refers to
the method of application of test reagent, typically by micro-pipette, and a microscopic
assessment (x40) to trace (ppm) levels [later supported by U.V.]. In the eras (1947-1965)
when much of this micro research was carried out, alternative sub-microscopic techniques
were unavailable. A large amount of the writer’s research on preservatives and liquids
(Chapters 8, 12) involved the clarification  of, and differences in, preservative sites of
deposition between softwoods and hardwoods. These were  important applications of spot
test techniques.
For both classes of test, each preservative “spot test”  required research in its own right
to confirm conclusions drawn on preservative concentrations and distributions. Subject to
that confirmation and supported by analyses, “spot tests” were used to study effects of the
treatment processes on penetration and to study effects of service conditions on the
preservative stability and permanence. Research using “spot tests”, supported by other
studies, led to principles of penetrability,  porosity, reactivity of timbers (Chapter 8),
effective  species classification (Section 12.3, Chapter 12) for treatment, the  accessible free
paths, effective orifice diameters, influence of wood structure on CCA  “fixation” and
“Specific Vessel Void Volume” concepts (Sections 12.4, 12.5, Chapter 12).
11.x.i. In addition to the joint research on quantitative determinations by analysis for
the presence, or absence, of a preservative, the Forest Products Conference (1946) had
allocated responsibility to the Queensland Department to develop a reliable “spot test” for
boric acid. It was anticipated by the Conference that a test similar to the (I/KI)  test (Chapter
4) for starch may be developed.
11.x.i.i. The preferred method (Feigl, 1958) was based on the reaction of boric acid
with “tincture” of curcumin (turmeric) which depends on presence of boron compounds, in
acid conditions, to change from the yellow (untreated) turmeric through orange to a red
colouration dependent on the boric acid concentration. Ferric salts cause slight interference,
as does aluminium. Both of these can occur in timber. As a “go/no go” test, using a positive
“red” colour for boron as compared to “yellow” for a negative result, development appeared
to present no difficulties, but, when preliminary tests were made, the “red” colour was given
only at boric acid levels which were much higher than the approved concentration of 0.20%.
11.x.i.i.i. Further studies showed;
a. gradients of colour reactions in timber, as compared to surface tests, presented
anomalies in interpretation.
b. Boric acid levels around the critical concentrations for preservation (0.12-0.14%
boric acid) gave colours in the “orange” wavelengths, but a nominal negative “yellow”
colour was given by the reagent even at low preservative concentrations (0.02-0.03% boric
acid).
11.x.ii. Thus, initial quantitative evaluations would be necessary to confirm whether
the reaction was suitable as a “spot test” on which to assess the boron treatment of timber
products. Initial research was begun into possible development of a rating  system of the
colour developed, which would be similar to that adopted for a qualitative assessment
(Table 1, Chapter 4) of starch. Subsequently, based on initial studies, it  was proposed, and
approved (Chapter 1), research  be extended to develop it (as for starch) to the status  of a
reliable semi-quantitative procedure suitable for not  only field and laboratory  confirmation
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of the presence of boric acid, but, within reasonable limits, to indicate level of treatment
judged against the minimum approved concentration of 0.20%.
By so doing, tests by inspectorial staff may enable a rapid assessment of the treatment.
Samples indicating low levels of boric acid could be returned to the laboratory for full
chemical analysis.
11.x.ii.i. The curcumin/ boron reaction is a basis of many colorimetric quantitative
procedures and extensive published references discuss postulated chemical forms of the
reaction and products.
Conventionally, the curcumin reaction had been used only for low (ppm) concentra-
tions of boron in colorimetric methods and where the boron present was typically below 10
micrograms. Consequently, colorimetric methods were limited to  the “yellow to orange”
wavelengths and the conventional limits were significantly below the 0.20% as boric acid
stipulated under legislation. As a “spot test” technique on wood, dilution was not an option.
11.x.ii.i.i. As a first step, a method of measurement of possible colour reactions (in
solution) was necessary as they exceeded ranges used in standard colorimetry. From that,
an extension to the measurement of colour on opaque samples would be required.
The colour range includes “red” colours additional to the conventional “yellow to
orange” under normal colorimetric methods. As a result, difficulties arose in measurement
by colorimetry of relations for boron (as boric acid) concentration to colour values over
“yellow to orange to red” spectra produced by the reaction and the range, due to problems
in the spectral sensitivity and resolution of single filters;  in conventional colorimeters,
samples in “red ranges” would exceed the light levels transmitted through cells and filters
calibrated for “yellow-orange” ranges. These measurement difficulties were overcome by
a Lovibond Tintometer.
11.x.ii.i.ii. The Lovibond Tintometer.
The Tintometer is a dual viewing system, similar to a stereoscope, to measure
fundamental colours of solutions or opaque objects, using optically calibrated transparent
glass slides. These  slides were supplied in progressive increments of intensity, for the three
basic colours of Red, Yellow, and Blue. For each colour, a term “Unit”  referred to
sequentially calibrated numbered slides and additive values of slides were linear incre-
ments. In measurement against a standard background for one of the dual eyepieces, the
primary, or strongest, colour in a solution or on an opaque material being studied was termed
“the Dominant Colour”. Important differences and advantages of the Tintometer, compared
to  a transmission colorimeter, or comparator, are;-
a. it may be used to measure opaque colours, eg. paints, in a reflectance mode.
b. For use with liquids, it is not restricted for use only  for specific liquid cell sizes. It
is applicable to  thin films, eg. blood specimens,  prepared on microscopic slides.
c. Of direct importance was its ability to measure colour ranges which, by conventional
transmission methods, would be too deep to measure without significant dilution.
These advantages gave the ability  to accurately measure beyond normal published
colour ranges of the turmeric (curcumin)/ boric acid colorimetric techniques and these
extended ranges were statistically evaluated. It allowed colour tests on solid samples (filter
paper and tinber).
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11.x.ii.ii. There was a lack of knowledge of the chemical form in which the boron was
present in the treated wood, and which was assumed to remain as “available boric acid” in
the tissues. There was a similar lack (Chapters 8, 9 and 12) of knowledge on the sites of
distribution of the impregnand in the wood and, thus, its possible reactivity with the
curcumin when applied to a specimen. There was an “implied assumption” (1946-7) that
distribution would follow the softwood pattern and would be uniform in all tissues. That was
incorrect, but its clarification was one reason for the writer’s continued research on sites of
preservative distribution, the role of porosity (size and frequency) in  development of timber
classifications  (Chapters 8, 12) and his subsequent research (Chapter 8) on permeability
and penetrability in hardwoods.
11.x.iii. In view of it's importance, the writer studied postulated chemistry of, and
variables for, the reaction. Significant findings are summarised below.
a. curcumin is the active component of turmeric.
Feigel (1958) suggests  there is  a change from a yellow curcumin (diferuloylmethane)
structure to an isometric red-brown rosocyanin. A loose addition product of boric acid and
curcumin is formed as an intermediate. Feigl describes the test using hydrochloric acid.
Rosocyanin is turned “green” to “green-black” by alkali, eg. ammonia vapour will convert
it to a “bluish- green”, and this is specific for boron. Ferric salts do not give a positive
reaction to this latter test.
b. The actual colour reaction was influenced by  presence of organic acids and salicylic
acid, in the presence of hydrochloric acid, gave a “brown-red” colour  rather than an
“orange-red”. Oxalic acid gave a typical “yellow-red” reaction. The differences were
confirmed by spectrometer and by the Tintometer. The Division of Wood Technology
adopted a test method based on salicylic acid. The writer adopted  use of concentrated
hydrochloric acid (only) as the preferred standard acid.
c. Dyrssen et al. (1972) examined reaction of boric acid and of curcumin under varying
conditions, including in a strong sulphuric acid-acetic acid medium. That extended to a
study of reaction equilibria in aqueous-ethanolic media. Results were;
(c.i) They suggested a 1:2 boric acid - curcumin compound.
(c.ii) They cite an acid dissociation constant of 10-7.9  for curcumin in water-ethanol
mixtures. For rosocyanin,  the acid dissociation constant was found to be 10 -5.7 in the same
medium.
(c.iii) In  their discussion of analytical procedures, they emphasise a need for excess
curcumin and for removal of water.
11.x.iv. Study of boron/ curcumin ratio for reaction.
Author’s note; in discussion of this aspect of  research, though the general term
“boron” is used, the ratios, or concentrations, are quoted as equivalent boric acid.
11.x.iv.i. In treated timber, for a concentration of 0.2% m/m and wood density of 640
mg/mm3 (initial species range used for research in this phase), there was an equivalent
distribution of 3.12 mg/mm3 of boric acid in a sample.
This was an increase by the order of some decades in the range described above ie. the
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normal 10 “ppm” maximum, measured by the reaction. Hence, an increase in detection
range of (curcumin/turmeric) reacted colours in terms of boric acid level was required
without, at the same time, decrease in sensitivity of the lower  colour ranges from a yellow
(negative), through orange to red.
11.x.iv.ii. The writer considered this may be a function of relative proportions of boron
to that of the curcumin, as well as the acid type, selected as hydrochloric. To evaluate this
hypothesis, became a major, but successful, research project. To test the hypothesis there
were also required quantitative measurements of colour changes at depths of colour
produced by these changes in ratios and high concentrations of boron reacting with
curcumin/ ethanolic/ hydrochloric acid reactants  and which were too intense for measure-
ment by transmission instrumental procedures. This measurement was made by the
Lovibond Tintometer. Based on the colour standard techniques used for solutions and for
such as paints and film coatings, measurements of colour range relationships, developed by
a series of boric acid / acidified curcumin (95% ethanol) solutions, were quantified. These
were then extended to tests of opaque impregnated filter paper and timbers.
11.x.iv.iii. Use of turmeric and curcumin.
As a separate part of the research, the writer examined the use of and need for
purification of chemical grades of turmeric  as a substitute for spectrographic grades of
curcumin used in early studies. Subject to purification procedures (Appendix 22), its use
was satisfactory, and, for subsequent studies, curcumin from turmeric was used.
Author’s note;  For further discussion, with emphasis on the active component, the
term, turmeric, is inter-used with curcumin.
11.x.iv.iv. Specific items studied included;
a. Initially, to exclude interferences, the writer  tested the ratios and their effects by
aqueous solutions (known concentrations) of boric acid, reacted, with the re-purified, acid
solutions of curcumin in 95% ethanol.
Re-purification of curcumin was necessary (Appendix 22) to remove any insoluble
material in the reagent and need to ensure absence of boron contamination which is not
excluded in  suppliers‘ specifications. In the boric acid and curcumin reaction, the
significant Dominant Colour was “Red”, with  reproducible, statistically significant, linear
increments in terms of boric acid ranges.
b. Effective ranges of measurable colour and preservative levels were confirmed to be
functions of the ratio, (relative concentration of boric acid to curcumin), with a maximum
ratio of the order of 1 part of boric acid : 3 parts of curcumin being desirable. For the reaction
to proceed to completion, excess of curcumin was necessary.
c. to determine the optimum curcumin concentration, as the critical range of measure-
ment of boric acid was the minimum approved level of 0.20% m/m,  solutions over this
equivalent range were studied, with an emphasis on a spread of +/- 50% about this level.
On this basis, and as this order of reagent concentration is used in many colorimetric
procedures, a minimum of 1% turmeric (purified), dissolved in 95% ethanol was used. For
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this, ratios of boron to turmeric were kept below the 1:3 level by dilution prior to reaction.
Typical calibration data (Cokley, 1947) is shown in Table 49, and Graph 33, for 1%
solution of extracted, purified, dried, re-dissolved turmeric. Ethanol (95%) was used as the
solvent. A significant statistical linear relation was found between the Lovibond Red Units
(R.U.) and boric acid concentration. That was:-
% Boric acid = 1.3928 R.U. - 0.0424 (11.4)
r = 0.9950 ***
11.x.iv.v. Studies on optimum concentrations of curcumin and ethanol.
a. The writer established a need to remove excess water. That was confirmed by
Dryssen et al.(1972).  After exhaustive tests, he established that 95% ethanol was the
satisfactory concentration for this work. Further studies confirmed that was suitable for
application to timber.
b. Use of a 1% m/v ethanolic solution (95% EtOH) of turmeric presented certain
problems, associated with high humidity, with variation of the actual boron compound
concentration and of temperature.
c. As it had been shown excess turmeric is required, restriction to  use of 1% turmeric
also limited the range of tests in timber where gradients were such that values of up to, and
These problems were eliminated by a saturated solution of turmeric, shaken and
filtered prior to being used, acidification as above, and reaction with boron.  Neither
acidification procedures nor the stability, subsequently described (Appendix 22), were
affected by these changes. Ancillary research on aspects in development of the spot test
reagent, alternative solvent media, acidification procedures, preparation of wood surfaces
and permissible moisture contents are described in Appendix 22.
TABLE 49
for estimation of boric acid by Lovibond red units (2).
Lovibond boric Lovibond boric
red units acid (3) red units acid (3)
0.05 0.06 0.58 0.67
0.07 0.09 0.5l 0.72
0.10 0.10 0.72 0.96
0.11 0.16 0.84 1.10
0.16 0.18 0.88 1.27
0.20 0.20 1.00 1.40
0.29 0.28 1.20 1.62
0.33 0.32 1.33 1.85
notes ;-
(1) acidified using conc. hydrochloric acid. Turmeric dissolved in 95% ethanol (see text).
(2) Lovibond Tintometer — optical, calibrated colour slides. (3) independently calibrated.
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11.x.v. Relation between a turmeric spot test result and  boron content in treated
timbers.
Relationships of the turmeric spot test in treated timber were quantitatively evaluated.
11.x.v.i. Prior to this, and as part of investigation in development of the final
procedures, measurements were made, using the Tintometer, on filter paper media after
quantitative impregnation by boric acid solutions. The earlier correlations, using solutions,
were confirmed.
11.x.v.i.i. This was followed by the (Chapter 12) impregnation of small thin timber
sections over a range of species to ascertain if wood colouration, or structure, affected
detection of ranges in colour, or concentration  correlations when measured against
matching, untreated, controls. Results were satisfactory. A final analysis of the impregnand
in the samples confirmed original linear relationships cited above.
11.x.vi. Two methods were evaluated for application of the reagent to treated timber
and measurement of colour.
11.x.vi.i. Sections of planed (see discussion [Appendix 22] on surface texture), treated
timber (known  analysis) were cut parallel to the face, i.e. to provide individual gradients
(Diagram 1) in thin sections. By the use of gradients, a range of concentrations in matched
section, structure and colour were obtained. They were treated by an excess of saturated,
acidified, turmeric solution. For the initial research studies, a final smooth surface was
obtained by use of a “spoke shave”, as used by cabinet makers. Repeat studies using a fine
plane gave no significant difference in texture results. The individual gradient sections
tested, though matching analyses had been carried out on controls, were  then separately
analysed. No significant difference in boron analyses was found. The colour was developed
for times up to, and then standardised on, 50 minutes and measured by Tintometer in the
Reflectance mode. Subsequent to this research data, times were reduced to 25-30 minutes
in development. There was a highly significant linear relationship between the Red Units
and the boric acid concentration in the sample.  To remove any effects of species colour
variability, all measurement was done against unstained matching sections.
Typical results are shown in Table 50, Graph 34, and equation (11.5).
R.U. = 0.0612 + 8.4796 (% Boric acid, o.d.) (11.5)
r = 0.9980 ***
or, alternatively,
% Boric acid = 0.1179 R.U. - 0.0072 (11.5a)
where:
% Boric acid (m/m) = percentage m/m in treated wood.
R.U. = Lovibond Red Units.
11.x.vi.ii. During routine examination of treated timber, the sample board was initially
split, starch tested and the matching split section, surfaced, as described, when necessary,
treated with acidified saturated turmeric in 95% ethanol. The sample reaction was allowed
to develop a colour for 20-25 minutes, and then visually assessed for treatment level  on the
colour based on the “Red Units”. These were statistically correlated by measurements using
the Tintometer against chemical analysis.
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TABLE 50
Correlation of colour reaction of turmeric solution to
red unit measurement (Cokley, 1947).
boric acid Lovibond (1)
% in wood red units
0.05 0.50
0.07 0.64
0.08 0.75
0.11 0.95
0.40 3.60
0.72 6.20
1.12 9.00
1.33 11.75
note ;- (1) triplicate measurements. Part of extensive series.
11.x.vii. Standard test procedure adopted in  assessments for boron compounds, based
on the turmeric reaction.
After extensive evaluation, illustrated by data as above, formal procedure adopted, in
terms of colour assessment (cf. Table 10, Chapter 8, for penetration in starch negative
zones), was;-
(a) Red colouration. A concentration in excess of 0.20% o.d. m/m, boric acid
equivalent, in the tested zone.
(b) orange colouration. A concentration in excess of 0.15% m/m (boric acid), but
below the minimum of 0.20%. in the zone tested.
Operationally, and legally, this was an important level. Initial CSIRO tests (Cummins,
1939) showed a boric acid concentration of 0.12-0.14% was toxic to Lyctus brunneus,
Steph. In practice, spot tests with this assessment, if adequate starch was present (Chapter
4), were classified as “not detrimental” (Chapter 2) under T.U.P.A. (1949).
(c) yellow-orange colouration. A concentration less than 0.10%-0.15% m/m of boric
acid equivalent, but above 0.05% m/m, in the tested zone.
(d) yellow colouration (negative).  A concentration from zero to 0.05% m/m, as above,
in the tested zone.
Based on a visual assessment, the writer found +/- 0.05 m/m (boric acid equivalent)
to be the normal reliability of estimation by operators, including laboratory staff, due to :
(a) slight interaction of wood colouration.
(b) variable response of operators to visual differences in the wavelengths (cf. Chapter
4). This applied to the intermediate colours.
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11.x.viii. Supplementary Use of Ultraviolet light.
These problems were overcome by a further procedure based on the use of a portable
ultra-violet lamp (Chapter 8). This added procedure increased the reliability of inter-
operator assessment to +/- 0.02% m/m. The author demonstrated that, when excited by
broad band ultra-violet waves (Chapter 8), turmeric solutions would fluoresce vividly,
particularly in an acidified ethanolic media, as a “pure” yellow colour, and that, when
applied to untreated timber, the yellow fluorescence was clearly differentiated from both
the natural wood colouration or fluorescence of wood components. In the presence of boric
acid, or other boron compounds (converted by the acid in turmeric reagent), fluorescence
covered the distinctive colour ranges of yellow, orange to red. Sharp demarcation between
the treated and untreated zones were present and delineable. The sharp definition of the
presence of boron compounds was of assistance in study of distribution of these preserva-
tives in wood tissue. It was of aid to operators who had low colour sensitivities in yellow-
orange wavelengths. Subsequent to the writer’s laboratory  obtaining ultra-violet
spectrofluorimeter facilities, the quantitative relationships (turmeric) between exciting and
fluorescence  wavelengths to the boron concentrations were confirmed. The use of ultra-
violet procedures also enabled examination at higher moisture contents [30-40%] (cf.
Section 12.5, Chapter 12, “Stable Green” moisture).
11.x.ix. Progressive evaluations of operator assessments.
note; Owing to uses (Section 11.1.i.ii) such as for crop treatment, or tests as a source
of contamination, sawdust frequently required spot testing (analysis as necessary) to ensure
that boron (also P.C.P.) was not present.
1. Periodic analyses, particularly when training new operators, were carried out on
spot test samples to determine operator sensitivity and reproducibility of assessment.
Typical random correlations of analysis and spot test are shown in Table 51.
2. All samples which had been operator assessed as failed (< 0.20% m/m), were re-
assessed by an independent referee operator, including under ultra-violet light and the zone
of treated timber, which had been failed, rated as above. It was cut from the sample, ground
and analysed.
Where assessment is done by a sawmill plant operator, the results are rated only at two
levels:-
(a) Pass: Where the treated zone gives a colour in excess of “definite orange-red”.
(b) Fail:  Where the colour is below distinctive orange, i.e. yellow.
11.x.x. Status of, and reliability of, assessment levels.
Since the introduction of treatment with boron compounds and development of the
turmeric spot test procedure, annual average in excess of  3000 specimens were measured.
That covered all species and types of boron compounds. and they were also routinely
correlated against chemical analysis. Typical random results of such comparisons are cited
in Table 51. Possibly conservatively, the author continued the practice of training staff,
initially on specimens ranging from planed surface split sections, to typical surfaces as
obtained by splitting. In training,  an independent assessor gave a separate evaluation,
subsequently confirmed by analysis, until the trainee was adequately competent in the spot
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test. Consequent on large scale research programs, industry control, random sampling, and
user submitted samples extending over many years, a comprehensive range of species, of
operators, including both plant staff and laboratory personnel, and also consequent on
discussions with legal advisors, the writer concluded;
1. The principal aim of the assessment was to evaluate, under legal and scientific
acceptible standards, whether a specimen did contain a level of boron compounds equal to,
or below, 0.20% (as equivalent boric acid) prescribed under both the State Acts,
T.U.P.A.(1949), TMA (1946), or Australian Standards and user specifications (The State
Housing Commission and local financial institutions). That objective had been achieved
and this acceptance extended to overseas sources of imported timbers.
2. over the significant range, up to, and exceeding, the 0.20% m/m of  equivalent boric
acid, assessment by the operators was very reliable in terms of the turmeric reaction as
described.
3.Results were in excess of the 95% reliability level, which was statistically desirable
for acceptance under both legal and Standards requirements.
4.The technique was acceptible to, and applicable by, the plant operators. This was
highly important in terms of policies of quality control as mandated under government and
Forestry instructions for establishment and operation of the industry.
Results based on over 30 years of tests, its acceptance as scientific evidence in
successful court proceedings  under the Acts, its inclusion in Australian Standards and
acceptance by Australian and overseas test authorities justified the extensive research to
develop a proven and reliable procedure as part of an overall quality control.
TABLE 51
Correlation of visual ratings (by a turmeric spot test)
to the chemical analyses of timbers treated by boron
compounds (based on comparison of commercial treatment
tests against quality control assessments and analyses).
species pass range species fail range
(1) (1)
spotted gum 0.23-0.33 spotted gum 0.00-0.00
tulip oaks * 0.11-1.25 tulip oak 0.10
rose mahogany 0.24-0.51 rose mahogany 0.06-0.13
sthn.silky oak 0.85 Crow’s ash 0.06
rose maple 0.32-1.01 white cheesewood 0.00-0.12
red mahogany 0.59
yellow satinash 1.29
tulip oak (a) 0.11
tallowwood (a) 0.07-0.08
notes;-
(1) Results shown were part of laboratory quality control procedures, to evaluate reproducibility of
operators’ assessments, and to train staff. Results as boric acid (o.d.basis) equivalent. Analyses by
random tests of sample “cores” passed or failed by staff using turmeric spot test.* tulip oaks
representing more than one species; one sample only below 0.20% m/m.(a) rated “just passed”  where
assessor was undecided, hence subject to examination by ultraviolet light and chemical analysis. Both
species were “brown” in colour, even in the “sapwood”, and showed wettability problems (Appendix
15). Samples are included to indicate effect of operator sensitivity to wood colour (Chapter 4) and
advantage of independent assessment and use of U.V.
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11.xi. Spot tests for fluoride salts.
No satisfactory direct field spot tests were able to be developed.
11.xii. Spot tests for CCA multisalts.
a. Copper.
A suitable (AS 1605-1974) test was use of rubeanic acid, which turns a “blue” to “blue-
black” in the presence of copper salts.
b. Hexavalent Chromium.
Diphenylcarbazide (Feigl, 1958) gives an orange to red colouration, dependent on the
concentration (cf. Chromium anomaly, Chapter 10).
c. Arsenic Salts.
An ammonium molybdate reaction is used but interference is found due to phosphates
naturally in wood and a direct test is unreliable. For the arsenic component, compounds,
such as phosphates, give similar reactions to the arsenic “spot test” and it is essential to carry
out comparative tests on untreated matching samples. Unless (see below) this is done, tests
for the presence or distribution of this component may be anomalous.
To  ensure the validity of an arsenic result, additional to full chemical analysis, the
author made use of a modified (Feigl, 1958) test for arsenic, reacted to form  “arsine”. In
that modification, sensitive to below the microgram level, silver nitrate crystals are placed
over a filter paper seal over a test tube wherin a micro specimen is reacted with acid. If
arsenic is present, the silver nitrate crystal changes colour, but if phosphate is present a
similar reaction occurs. To prevent this interference, a small cotton wool plug, impregnated
with lead acetate, is placed in the top of the test tube under the filter paper. Phosphine is
trapped by the lead salt and the arsenic test is valid. If control phosphine tests, without a lead
acetate trap, show negative results for phosphorus, the wood section may be directly tested
by the molybdenum “blue” reaction.
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CHAPTER 12
DEVELOPMENT OF SPECIES TREATABILITY GROUPS AND EFFECTIVE
TREATMENT SCHEDULES FOR OPEN TANK SYSTEMS. STRUCTURAL
FACTORS, INCLUDING DENSITY, INFLUENCING THE TREATMENT OF
TIMBERS. VOID VOLUME APPLICATIONS. CONCEPTS ON MOISTURE
CONTENTS AND OF THE   “SPECIFIC VESSEL VOID VOLUME AND
CONCENTRATION”.
12.1. Introduction.
For establishment of a timber preservative industry, two alternative philosophies
needed to be addressed. They are delineated in Flowchart 2A, and may be described as;
a. The accepted overseas practice (then centred on vacuum pressure systems) was
supply of product to, and treatment by, centralised, high capital cost, treating units (type 1,
Flowchart 2A). That implied standardised operations with centralised control. The first
plants were type 1, with total laboratory control by the Forestry Department.  A local
industry model of this type was the processing of raw sugar cane supplied from farms to a
central mill.
b. Geographic and economic evidence (Chapter 3, Maps 1, 2) showed wide species
distributions and an industry predominantly operated by  what the writer (Flow chart 2A)
classifies as type 2 units, which were  generally regionally de-centralised, including local
markets.
In especially Chapters 1, 8, the author emphasised the original developments in, and
the consequent mandate for, and approval of, multistranded research into  critical factors
in the timber preservation industry. The mandate approved flexibility of operations and
systems. De-centralised, supported, quality control (Chapters 10 and 11), with trained plant
operators would be necessary. This implied development of procedures suitable for local
conditions, including for the wide range of species to be treated.
An outline of the relationships between different aspects of this work is given in
Flowcharts 1 and 2. The critical factors were;
(i). An operational  method was required for classifying the extensive range of
Queensland species into relative treatability groups by utilising their “macro structural
properties”. No comparable system  had been developed elsewhere for these purposes.
Based on procedures for, and results of, testing of 13 species by Brimblecombe and Cook
(1945), evidence indicated that the practice of evaluating individual species would involve
a minimum of 5 years before a comprehensive  industry was established. Use of  species
predictions based on known preservative retention results (% boric acid on an oven dry,
mass/mass [o.d. m./m.] basis, Chapter 10) when timber was treated by the standardised
(Queensland) single schedule (Young, 1946b,c), followed by testing programs over an
extended range of species, should confirm its probability and suitability.
ii. based on (i), possible flexibile treatment regimens for species, defined as “sched-
ules” (Appendix 14), were to be developed.
iii.  These two objectives, required the author to address the apparently conflicting
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moisture content requirements of open tank, and vacuum pressure (full cell), systems. With
the open tank method, specifications for “green” timber needed to encompass moisture
contents below FSP. Vacuum pressure treatments which required timber with a lower,
defined (below FSP), range of moisture contents, needed a flexible increase in that range.
That need for open tank treatments was  highlighted in both 1948, and 1949, when major
industrial disputes caused serious delays in processing,  so that material, awaiting treatment,
dried to very low moisture contents, and frequently was at the air dried (Chapter 7)
condition, or lower moisture contents to EMC (10-12% mc). The author was able to
reconcile the  two separate needs  by the paradigm that “moisture content, air content, and
density, were interrelated variables in timbers”.
This Chapter is divided into three sections;
a. evolution of the industry.
b. process co-ordination and;-
c. Especially for angiosperms
density, and interactions with timber preservation.
These led to the development of new concepts in timber moisture content, and in
preservation.
12.2. The Evolution of Timber Preservation Science in Queensland.
As indicated  in Chapter 8, research by the writer into basic principles, applicable
particularly to hardwood timbers, confirmed the utility of the air, moisture, and density
paradigm. One result of the research was the development of a new process, namely the
“Vacuum Pressure Diffusion Process” (Appendix 14), details of which are examined in
Chapter 14.
12.2.i. The reduction in treatment moisture content for open tank systems.
At the commencement of the studies, diffusion of aqueous preservatives into timber
was considered as the important factor in preservation by open tank methods, and moisture
contents at, or above, FSP (considered as 25% mc), were accepted as necessary for
treatment. This view persisted even after Young (1946c) and Bryan (1946) suggested that
a partial vacuum effect may be more effective. Thus, the interactions of moisture contents
with the preservative uptake in these processes were not investigated by Young.
That writer’s pilot plant, and commercial, studies were conducted on freshly sawn,
“green”, material. This writer felt (Chapter 1) flexibility in treatment did require research
into effective ranges of moisture content for each process. Other factors, such as wood
structure, and properties such as the “permeability”, “penetrability”, “reactivity”,
“wettability” (Chapter 8), thermodynamics (Chapter 13), capillary flow, the significance of
flow equations such as Poisseuille’s (cf. Section 12.4, this Chapter, and Chapter 14), or
solution absorption, could be important. Thus, studies into moisture contents applicable for
the treatment processes were undertaken.
12.2.i.i. The Cold Soak process.
Research on treatment moisture contents below FSP showed (Cokley, 1948a) the
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mechanism was initially water, and solution, uptake by capillarity, and followed by salt
diffusion.
The final moisture content, after preservative treatment, varied with  species, but did
not attain saturation moisture content under normal treatment conditions (Appendix 26).
The rates of salt penetration and the steepness of salt concentration gradients were functions
of salt type (Chapter 8), of the solution concentration, and of temperature.
For all studies, a minimum sampling (Chapter 10) of  six starch positive specimens
were used for each moisture content range, timber dimension, and species, for each of three
charges, both in pilot plant studies, and at each preservation plant. Studies were extended
throughout the State, thus ensuring a wide range of species provenances and climates were
tested, and highlighted (Chapter 8) a need for research into “wettability”  (Appendix 15)
aspects.
Relationships between ambient temperatures and solution concentration, to ensure
there were effective “diffusion differentials”  in this process, led to an imposition of
restrictions on the minimum temperatures of operation of this process, and to development
of the “warm soak” modification (Appendix 14).
12.2.i.ii. The Hot and Cold process (or modifications).
Young’s (1946c), and Bryan’s (1946) hypotheses  that a partial vacuum  may be
created by heating (Chapters 8 and 13), and then cooling, under solution, were confirmed
by the writer. This was done by sealing thermocouples (Appendix 15 [Section 3],  Chapter
13) and manometer tubes (Section 2.ii.iii, Chapter  14) into the centre of endsealed boards.
Typical time/ vacuum curves were similar to graphs 52a, 52b (Chapter 14), which were
tested for similar vacuum ranges as in thermal processes. The same basic principles
(Chapter 8) applied to steam / cold quench processes. The principles (Chapter 8) are
examined in appendix 34, Chapter 13, appendix 38, Chapter 14, and are summarised in
discussions on development of treatment classifications based on density  and porosity
(Sections  12.3.i.ii,  12.3.i.iii).
12.2.i.iii. Examinations of relationships between moisture content, density, and
effective treatability, including void volumes, were made:
12.2.i.iii.i. Re-evaluation of Young’s (1946c) initial data, including pilot, and com-
mercial, results.
Young assumed that FSP was 25% mc, and did not examine moisture content as a
variable (+/-) about this point. The writer classed Young's data in 5% mc groups and found
that, as the moisture content in a class decreased, timber moisture absorption increased, but
it was a function of treatment cycle (times at maximum temperature and cooling).
Progressive samples during the heating phases showed low preservative uptake, and a
greater mean increase in moisture content below, than above, 40% mc (Graph 35).
However, during the cooling stage, uptake was high. Moisture contents tended to reach a
limiting value approaching  “saturation moisture content” conditions of about 55-60% mc
(Graph 35). For that final stage, there was a strong trend, that, as initial class moisture
content decreased, salt uptake increased (Graph 36).
For this study, a total of 6 endsealed, starch positive, specimens were selected for each
moisture content class, with respective classes of 6, 7, 6, for the separate three  schedule
conditions (Graph 36). Saturation  values for treatment group 3 (after the 22o drop)  are the
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total final moisture content.
In Young’s (1946c) study (in which this writer was involved), subsequent to removal
at each treatment stage, specimens were tested for moisture change by weight, and oven
drying. Sections were prepared (diagram 1, Chapter 10) for analysis. After culling for starch
positive subsections (Chapters 4, 7), 29  “cores” were analysed for each stage, with six
specimens for full crosssection, and 56 analysed after the complete cooling (22o) cycle, and
subsequent seasoning, with six boards for total cross-sectional analyses (Graph 11, Chapter
10). After cooling, there was a mean progressive increase in “core” concentration from
0.6% m/m to 1.16% m/m as the moisture content decreased from 50 to 30%.
The above conclusions were  given support at an early part of this study, when the
writer confirmed that, when treated, unless freshly cut from logs, many commercial stacks,
nominally above FSP (accepted initially as 25% mc),  could contain material with a range
of +/- 25% of the mean moisture content of the stack.  Extension to reduced moisture
contents, and influenced by industrial delays (Chapter 2), initially under pilot plant status,
and then commercial scale,  using standard (Chapter 10) sampling numbers and procedures,
confirmed those deductions, and supported the possible application of “void volume”
principles. Results were progressively statistically analysed for these studies of the
moisture content, and retention, relationships.
Over this same period, as part of the extensive research described in Chapter 10, and
as summarised in graphs 13-17 (Chapter 10), reduction in solution concentrations were
from 4% mass/volume (m/v) to 3% m/v, to a final standard of 2% m/v. Changes (Chapters
8, 10) were made to use of borax. Results for 25mm brown tulip oak (12% mc) gave “core”
concentrations of 0.6% - 0.8%  m/m., that is in excess of the theoretical average “core” value
(Table 33, appendix 17, Chapter 10) of 0.52 % m/m, but within standard deviation levels
considered desirable.
12.2.i.iii.ii. The Steam/ Cold Quench Process.
For this process (Appendix 14), the original application (Young, 1946d) was for low
density species of Group 1 (Table 53), but industry sought to extend application to  a wider
range of timbers of higher density. Due to thermodynamic properties (Chapter 13) of
timbers of higher densities, the heat requirements resulted in substantial moisture content
increase in surface, and the outer, layers from water condensation due to the steam heating
cycle. To minimise this effect, for species with wood densities of groups 2B to 4 (Table 53)
preseasoning for this process was  required. Also an extended time of “soak” in the cold
solution at atmospheric pressure, following the  “quenching”, was necessary. These needs
were tested in pilot plant studies carried out using  specimens from the large scale project
described in Appendix 2, with treatments under close control. The study results were
subsequently confirmed over a range of treatment plants and timber origins. Standard
sampling procedures were used in these studies, viz. six  starch positive specimens
(endsealed), each 25mm thick,  for each species, selected for uniform moisture  content,
were treated by a standard steaming cycle, rapidly “quenched”, and given increasing times
of absorption. The treatments were repeated  for a series of three charges.       Graph 37 shows
the progressive increase in preservative concentration in mean sample “cores” for 25mm
thickness for three representative species, air dried red tulip oak, “green-off-saw”  yellow
carabeen, and “green-off-saw” white cheesewood.
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Graph 37a correlates linear transformations of the data from Graph 37 (“1/concentra-
tion” vs “1/time of quench in hours”), showing fitted lines, and where the inverse of the
regression coefficient for each species represents a rate of preservative uptake, or the uptake
coefficient. These tranformations were;
for Red Tulip Oak,
1/c = 1.2813 + 23.2205 (1/t) (12.1.a)
r = 0.9895***
for Yellow Carabeen,
1/c = 1.0777 + 13.6786 (1/t) (12.1.b)
r = 0.9882 ***
for  White Cheesewood,
1/c = 0.5782 + 9.9822 (1/t) (12.1.c)
r = 0.9972***
where “c” is mean core concentration (% boric acid on oven dry,mass/mass [o.d. m/
m.] basis, and  “t” is time in hours of specimen immersion after “Quenching” by boric acid
solution.
Author’s note; the high values of “r”  were due to use of specimens (pilot plant) from
research material discussed in Appendix 2 with close control on treatments.
Graph 37b shows the relation between the inverse of the coefficient “b” (of the inverse
of quench time “t”) with air dried density (Cause et al., 1974). The inverse of the intercepts
gave theoretical maximum “core” uptake/ species by this process, and preservative
concentration. However, Graph 37c shows the value of “1/c” for “t” (as theoretically
infinite), bears a linear relationship with the “Specific Vessel Void Volume, SVV”,  (cf.
Section  12.5.4), and “1/c” may be re-defined as- “being equal to 100% of the “Specific
Vessel Void Concentration, Sc,”. The writer (cf. Sections 12.4, 12.5) suggests this
relationship is associated with sites of deposition of preservatives in hardwoods.
Comparison of the above Steam/Cold Quench data with evidence from the “Hot and
Cold Quench” process (Appendix 14) showed a similar relation of uptake to absorption
time, but for the latter, as some salt uptake occurred in the heating/maintenance cycle, the
initial value at the start of quench was not zero as above.
Source effects were prominent in yellow carabeen, Sloanea woollsii, illustrated by
material from the Killarney district in south east Queensland. From that general source,
material with nominal group 2A structural properties (cf. Section 12.5.4, “Specific Vessel
Void Volume” concepts, and Graph 37c) did require, similar to the group 2B species,
predrying for these processes.
12.2.i.iii.ii.i. Differences in the Solution Absorption Times, Change in Moisture
Content, and Salt Retention, as functions of “cycle”,  between both the Steam/Cold Quench
and Conventional Vacuum Pressure Processes with standard Hot and Cold, and Hot and
Cold Quench, Process results.
For the Steam/ Cold Quench, and the conventional Vacuum / Pressure systems (where
a “dry” vacuum is used [Appendix 14]), no preservative solution is present in either the
steaming phase, nor in evacuation for the latter process, and thus, for other than condensate
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(S/C.Quench) no solution, and consequently neither moisture increase, nor salt, uptake
occurs during that initial period. Thus, all salt uptake, and significant moisture content
increase, occurs  subsequent to final “Quench” or “flood/pressure” conditions for these two
treatment systems.
For the standard Hot and Cold,  and Hot and Cold Quench, processes, moisture
increase and salt uptake take place during the “heating, maintenance, and cooling cycles”,
with principal uptake occurring in  equilibrium with the “cooling cycles” from the
maximum temperature.
The flexibility found in effective moisture contents for open tank processes (cf.
Section 12.4, relationships of FSP in hardwoods) led to subsequent research (Section 12.5)
on the significance of moisture contents at, or above, the conventionally “indeterminate”
zone of “green moisture content”. That flexibility was  successfully later applied (Chapter
14) to vacuum/pressure (full cell) processes.
12.2.i.iv. Moisture content effects in vacuum / pressure (full cell) systems.
This is examined in Chapter 14, but has been included in this discussion to demonstrate
overall relativity of  process relationships with moisture  contents suitable for treatment of
local species, especially hardwoods.  Subsequent to the commercial introduction of
conventional vacuum/pressure treatments,  the writer demonstrated that moisture content
conditions similar to thermal processes applied for these systems. Higher moisture
contents, at, or above, FSP, could be used, dependent on species and preservative. However
for optimum applications, process efficiencies (Chapter 14) needed to be increased.
12.3. Classification of species treatability in Open Tank processes.
As indicated in the start of this Chapter, research on all individual species was
impracticable. However the writer considered that suitable classifications could be based
on generalised primarily physical structure of species. Thus, as a first step, the data obtained
from pilot plant and commercial studies under standardised schedule condition, were tested
to determine any possible correlations. An examination of data for 50 species reinforced the
notion there appeared a relation between a.d. density and treatability, so a research program
(Table 52) was initiated to study the effects of species  variables   and  interactions with
process conditions. In addition, a similar study was conducted on “cold soak” processes
(Appendix 14). The physicochemical properties affecting treatment, such as “sapwood”,
starch detection, wettability, and the wood reactivity have been described in Chapters 4 and
8. Control procedures have been examined in Chapters 10, 11. Studies cited in Appendix
2, enabling tests on a range of species of known properties, and under controlled pilot plant
treatments, formed an important part of the total program.
The author hypothesised that timber species may be classifiable on one, or more,
structural property into treatability groups, and that schedules for each process (Appendix
14) could be developed for each group.
The following sections show how this hypothesis was tested, and confirmed, in a range
of preservative treatment techniques.
Criteria, utilising standard sampling (Chapter 10), were based (illustrated by data in
Appendix 17) around;
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i. attainment of the minimum “core” concentration of 0.2 percent of boric acid
(Chapters 2, 10) in treated timber. When a “core” concentration was below 0.2%, its value,
and the depth at which the required 0.2 % was present, were measured.
ii. relation of the “core” concentration to the gradient of salt concentration through the
thickness of the board.
iii. Ratio (Chapter 10) of the “Cross-Section to “Core”  concentrations, shown to
average (Table 33, Appendix 17) a value of 2:1. This included the standard deviations (and
coefficients of variation) between, and within,  treatments and species. This demonstrated
the effects of source on treatability. Subsequent to the development (Chapter 11)  of
sensitive, effective “spot tests”, which allowed  an assessment of salt distribution in “sites
of preservative deposition”, and which was supported by chemical analyses, the writer was
able to determine significance of those “sites” to wood properties and “porosity”, as stated
next below. The relationships led the writer (Section 12.4) to examine interactions of sites
of preservative deposition, wood density, air, moisture content, and wood structure.
12.3.i. Quantitative classifications of timber species for open tank treatments.
Treatability classifications, were extended to a total of 200 species, and the writer
found density was not a completely adequate index for treatability. Using  criteria
described, the writer found repetitions in preliminary classifications based only on density.
When the analytical evidence was integrated with “in-situ” spot tests as described above,
and  to “sites of salt deposition” (Sections 12.4, 12.5),  these repetitions were found to relate
to wood porosity (defined here as vessel size and frequency), and to the proportion of ray
tissue.
This section  examines the interactions with those “macro properties” using selected
species as representatives of the structural groups. An important qualification was the
satisfactory relationship between results obtained in the laboratory to pilot plant, and
commercial, operations.
12.3.i.i. Correlation of the laboratory and commercial studies.
Many of the studies indicated in Table 52 and graphs 37, 37a, 37b, 37c, were first made
under pilot plant status. They were then tested in trials in commercial plants. However due
to the remote locations of some timber sources (Chapter 10), it was frequently necessary for
the research to be undertaken at an operating plant. Several factors had to be taken into
account when relating laboratory data to the results found in commercial operations.
Compared to matched, uniform, experimental specimens in the laboratory, components of
a commercial “charge” of timber represented a “variable population” (Chapter 10) in terms
of trees, source, and physical properties. This variability in commercially available material
cannot be examined thoroughly in this discussion, but attention will be directed to
underlying structural and physical properties of timbers, viz. wood density, porosity, and
ray structure.
12.3.i.ii  Wood density.
Cokley (1951) established workable correlations between preservative uptake and air
dry wood densities at 12% mc. The latter were initially derived from Swain (1928),
Greenhill and Dadswell (1940), Watson (1947, 1951, 1954), and field determinations made
by the writer (Chapters 3 and 8). The nature of the association varied between treatment
processes, but it was possible to construct a general classification shown in Table 53.
The roles of density, and moisture contents, are examined (eg. Appendices 33, 35,
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Chapter 13) and in Section 12.4  (this Chapter). The influence, as described (cf. Chapter 8)
for open tank systems, is illustrated for the thermal processes. There was a need to
differentiate between thermal vacuums attained at the centre of boards, and the rate of
cooling from the maximum temperature.
For the former, and in  accordance with the gas laws, the penetration of elevated
temperatures, and time to reach an internal temperature equilibrium (Chapter 13), result in
expansion of the air within the timber at a rate which is a function of the thermal and air
permeabilities of the wood. In this,  air permeability is in terms of flow from the wood
tissues. The evidence suggested that the pathways for, and the rates of, movement may
differ between air and liquids, leading to identification  of the “Effective Orifice Diameters”
examined later in this Chapter. During the “cooling” or “quenching” cycle of the process,
the volume of the air expanded by heating (occupying the same volume in the timber), with
an effective lower maximum of 70o
inversely proportional to density. The contraction reduces pressure within the wood
(thermal vacuum [Chapter 8]) and a preservative solution is absorbed at a rate determined
principally by wood penetrability (Chapter 8) and permeability. Moisture content influ-
ences wettability of wood by particularly aqueous preservative solutions (cf. Chapter 8,
Appendix 15), and, with  wood density, influences (Chapter 13, Appendix 34) heating and
cooling rates.
For the Steam/Cold Quench, Graphs 37, 37a, 37b, indicated   that a hyperbolic
relationship was present between the preservative uptake and uptake time, and that the
uptake rate varied with density. As the “Quench” solution was rapidly admitted at
atmospheric temperature, for higher density species, this variation was linked to the cooling
rates of the sample “core” (cf. Chapter 13) so that both cooling rates, and uptake, decreased
with increasing density.
For the standard Hot and Cold processes,   it was found necessary (Appendix 14) the
maximum temperature to which the solution, and charge, were heated,  did not fall below
70o C. Provided the time of maintenance at that maximum was sufficient for the “core” to
reach that temperature, a temperature drop of “to” C.  from that maximum, was found
necessary to ensure attainment of the required vacuum “pressure differential” for adequate
preservative uptake. Heating, and cooling, effects at the “core” decreased with increasing
density.
Thus, as density increased, there was need to increase the temperature drop, “to” C.,
and the rate at which the “core” temperature reached equilibrium with the solution
decreased. These perceptions were confirmed by multiple thermocouple (Appendix 15)
measurements under laboratory, pilot plant, and commercial conditions, supplemented by
vacuum tests by manometers inserted into specimens.  That data resulted in a choice of 1200
kg/m3 as the highest mean limiting  density (several species were 1440 kg/m3), and led to
extensive research  (Appendix 27) on  density variations in local species and sources. The
limiting maximum densities described in Table 53 were based on analysis of the treatability
criteria.
As the number of tested species, and sources, increased, including higher densities,
results were obtained for large population “clusters” for species  of varying densities, and
sources, and the writer confirmed  those limiting density values. This illustrates application
of the writer’s research (Chapter 10) on plant statistics correlation with plant control, and
where each plant represented a “cell” with “sub-populations”, and from  which the data in
Graphs 12 to 17 were derived.
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Graph 38, shows the relationship between air dry density at 12% mc and the
temperature drop required to obtain an adequate preservative uptake by 25mm thick boards
in the Hot and Cold process. The temperature drop “to” C. and density relationship was
transformed (Graph 38a) to a linear regression of the form;
log10 (“t”)  =  0.712 + 0.000735 a.d. D (12.2)
r = 0.9919 ***
where a.d. D = air dried Density, expressed as kg/m3
This logarithmic relationship confirms the interaction between the volume of air space
and the nature of cell wall structures (refer Section 12.4) as they affect the de-aeration and
possible preservative uptake.
In derivation of the relationships, though the original records are no longer available,
the laboratory was evaluating a minimum of about 3000 specimens per year (cf. Initial Data
Bank, Section A.iii, Chapter 4), which increased to of the order of 5000/year.
(Author’s note; though experimental files are no longer available, numerical ranges
cited were prepared for Forestry Department Annual Reports [not referenced]. They were
also recorded for purposes of annual expenditure, projections for cost estimates, and staff
requirements).
TABLE 52
Variables studied in development of hot and cold
and steam /cold quench processes for treatments
of timbers (1) using boron compounds.
schedule variable (a) process (2)
(3) H & C(b) S/C.Q.(c)
solution concentration (d) + +
type of boron compound. + +
range of maximum temperatures + +
time of maintenance at maximum + +
temperature.
range and rate of temperature + -
drop.
flood rate of cold solution (e). + +
rate of preservative absorption. + +
(core and gradient concentrations)
effect on degrade and seasoning. + +
range of effective moisture + +
contents.
species, a.d. density (4) + +
notes ;-
(1) for discussion of processes, see Appendix 14.(2) Momentary Dip, diffusion and vacuum/ pressure
(full-cell) processes separately discussed.(3) interactions, eg. maintenance/temperature drop,were also
studied.(4)included structure, mc, as functions in schedules.Source factors were studied.(a) studied both
in research and commercial operations.(b) H.and C.—hot and cold process.(c) S./C.Q. —steam/ cold
quench process. (d) all boron compounds expressed as % boric acid m/v.(e) A special process, “hot and
cold quench”, see text.
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12.3.i.iii. Vessel (Pore) structure.
Within wood density classes, there was some variation between species, which  the
author found could be grouped into sub-classifications, within density classes, based on
porosity  (ie. size/frequency) and ray structure.
That conclusion was supported by evidence of capillary flow in cold soak processes
and, importantly, by the distribution (Section 12.4) of preservative in wood tissues.
Examination of timber specimens showed that preservative penetration was axially through
vessels, and radially through the vascular rays, but there was negligible penetration of wood
fibres (Appendix 2, Sections 12.4, 12.5, and Chapter 8). The role of vessels as a primary
pathway of penetration is supported by theoretical considerations based on Poisseuille’s
law.
From the preliminary correlations described above, and field experience, vessel size
was aggregated into three classes, viz., coarse, medium, and fine, but a need arose for these
(cf. Chapter 3) to be expressed quantitatively. This was achieved by comparison (Table 57,
Appendix 24) with vessel diameter data based on Dadswell et al. (1932, 1934, 1935). In
listing porosity of species (defined by this writer as vessel size [diameter] and count), those
authors frequently referred to larger vessels diameters counted. To confirm the reliability
of these maximum, minimum, and mean, diameters (and frequency), for the proposed
research on species treatability properties, and  possible classifications into groups based
on structural properties,  supplementary measurements of vessel sizes, and frequency, were
made on reference authenticated specimens (Queensland Forestry herbarium collection),
as well as specimens collected in research and service work. Later, other data (eg. Bamber
and Erskine, 1965) became available.
Many species, particularly rainforest timbers, were not tabulated by Dadswell et al
(1932, 1934, 1935). The  writer (Chapter 3) had found considerable provenance variations,
and in consequence  he increasingly measured diameters directly, deriving vessel maxi-
mum,  minimum, average, values and frequencies. For selected Australian species, the
ranges of vessel diameters and frequency are illustrated in Appendix 16.
These porosity groupings proved to be effective in clarifying the preservative
treatment requirements of species, and provenances within species, that showed substantial
variation in wood properties. Later research on preservation problems in Zambian timbers
(Cokley, 1970) showed low porosity  in Brachystegia spp. from that country was, similar
to a number of local species, a principal cause of these problems.
12.3.i.iv. Ray structure.
Graph 8 (Chapter 10) shows that, by using quartersawn and backsawn boards (AS 01-
1964),  vascular rays could affect preservative penetration.  Christensen (1947), using a
diffusion cell, had derived a pervious fraction (k) as a function of type of  wood surface
exposed to diffusion in the cell. Close relationships on a quantitative basis were not
attainable, and the present writer adopted a ray classification of “broad (coarse)”, “me-
dium”, and “fine (minute)”. This resulted in a visual grading similar to that developed for
starch (cf. Chapter 4).
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Table 53
Treatability group classification of Queensland timbers
group max. a.d. treatability representative
density class. species.
(kg/m3)
1 480 very easily white cheesewood
treated Alstonia scholaris
2A 640 moderately N. silky oak
treatable Cardwellia subllmis
2B 880 treatable brown tulip oak
A. trifoliolatum
3 960 difficult spotted gum
to treat E. maculata
4 960
to 1200 very difficult tallowwood
to treat E. microcorys
In commercial operations, for other than special products cut to expose the radial
tissue, the orientation of rays with respect to the surface of a piece of timber could not be
controlled, even though it affected penetration. Therefore a random orientation of rays with
respect to the surface was assumed in assessing the ray component.
12.3.ii. Relationship of Swain’s Index to the treatment groups.
The treatment groups were based firstly on 50, and then 200 species, which enabled
all of these species to be  treated satisfactorily under commercial conditions. To extend the
range of classification groups to include species at that time untreated, and untested,
including imported timbers, the writer examined  several available timber classification
systems for their suitability under field conditions.
Of systems examined, those described by Dadswell et al. (1932, 1934, 1935) were
applicable only under laboratory conditions. In contrast, Swain’s (1927) Universal Index
was designed for identification of timbers under field conditions. When treatability
classifications, developed by the author, were tabulated as groups, the writer was able to
generally relate Swain’s (1927) Universal Index with those treatability groupings.
However, before the Index could be used for possible application to preservative
treatment groups, it was first necessary to  quantify Swain’s ratings in that reference,
especially data on vessel size, and frequency, defined here as porosity. No published
evidence is available on the selection criteria, or processes, used by Swain in the
development of Index ratings (considered by this writer to have been tabulated using semi-
logarithmic paper).
Author’s note; to avoid confusion in the term “schedule” which is used in the context
of this thesis to indicate process changes, and cycles, in preservative treatments, the writer
refers to the individual classifications in Swain’s Index as “Rankings” or “Ratings”.
For Swain’s primary ranking, the density and vessel size (class only) were jointly
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grouped from 1 to 20.
For the densest timbers, Swain  only cited a specific gravity above “1.0”. Based on
mean timber densities, the author has determined this as 1200 kg/m3, deriving the value
from the mean highest probable (1184 kg/m3 + S.D)  density of local timbers for use. The
Index supplementary rankings, expressed as a decimal value, only used pore counts
(expressed as a range) and vessel size groups. Of these features, vessel size categories of
“coarse”, “fine”, and “minute”, were related to density in the primary Ranking 1, and to
frequency in Ranking 3 (Table 54). Thus, for both rankings, it was necessary to quantify
those size ratings. This was done by;
a. for Ranking 1, the air dry density and vessel size ratings were correlated as shown
in Table 56, Appendix 24. Three parallel curvilinear (Graph 39), and three similar
logarithmic linear (Graph 39a), relationships were obtained,  based on vessel size, namely
“coarse”, “fine” and “minute”.
b. for Ranking 3, Swain’s vessel count, and size, ratings were compared (Graph 40).
Confirmatory observations were made of the vessel size (Table 57, Appendix 24) and
frequency over a wide range of species  with data from Dadswell et al. (1932, 1934, 1935).
Rankings from Swain’s Universal Index that were useful in this writer’s work are
shown in Table 54.
12.3.ii.i. Applicability of Swain’s Index to preservative treatment.
The total numeric “derivative” of the separate rankings was not amenable to statistical
applications. However the writer established that individual relative Rankings (Table 54)
were suitable and closely correlated with anatomical properties of wood species, but, in
general, were not linear increments of properties.
The utility of this approach was confirmed by the successful prediction of, and
experimental confirmation of, the treatability characteristics of  species not then previously
classified,  or tested. The initial species classification groupings described above were
updated progressively (Cokley, 1949c, rev. 1965, 1951) and a typical listing (Appendix 25)
is shown.  It is of interest that;
(a) Density/ ratings  curves (Graphs 39, 39a) for each porosity class are approximately
parallel. When the temperature drop required to produce satisfactory uptake of  preservative
in the Hot and Cold process was plotted against the maximum density value of each porosity
class (Graph 38), there was a near linear relationship. Graph 38a shows the linear
transformation of Graph 38. However, above about 880 kg/m3 density, the apparent
porosity increased. That change
appeared associated with, but not exclusively, Eucalypt species, which predominate in this
density range.
(b) In Ranking 3 (Graph 40), eg. for the finely porous sub-group, when compared to
other porosity classes, there is a divergence in slope between lines.
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Table 54
to classification of species into treatability groups.
ranking numerical description
rating
1 1—20 density and vessel size
2 0.0— 0.9 ray count/5 mm dia. circle
3 0.00—0.09 vessel count (5mm dia. circle)
4 0.000—0.009 vessel structure (one group
specifically ring-porous)
5 0.0000—0.0009 presence and arrangement
of parenchyma tissue.
12.3.iii.  Development of species treatment conditions (or “schedules”) in terms of
groups.
12.3.iii.i. Treatment schedules.
Coincident with species classifications and as summarised in Table 52, the author
developed effective schedules (Cokley, 1949c [rev. 1965], 1951).
The schedules coordinated results with species groups, and moisture content influ-
ences, and included special schedules for thicker sizes, or for species, subject to thermal
degrade. As treatment systems (Appendix 14) and species utilisation in terms of hazards
(Appendix 1) increased, the author (Cokley, 1965) advocated continued research by Forest
Products groups into timber treatability characteristics.
Recommended schedules, eg. showing times at temperature and cooling ranges, as a
function of treatment groups, and solution concentrations as a function of process, are given
in Tables 58, 59, 60, 61 (Appendix 26).
12.3.iii.ii. Provision for flexibility in schedules.
In establishing  treatment schedules for species,  the writer ascertained (Chapters 3, 8,
13) effects of variation of density, structure, and moisture content. Though based on mean
data, or determined specific values [exemplified by Mackay tulip oak (Chapter 8)],
schedules were necessarily flexible for changes (Chapter 3) particularly in density (Appen-
dix 27), and were typically based on +/- ( 10 %)  variation of the mean value. This latter is
examined in Section 12.3.iv. A similar situation was developed for porosity. Where values
were encountered outside those values;
i. if consistent variation was present (Chapters 3, 8), or was noted in a number of plants,
species were upgraded to a higher treatability group.
ii. if of local occurrence, schedules were modified for that plant situation.  Where
porosity values were low, schedule change often included local increase of solution
concentration (especially in vacuum/pressure systems).
12.3.iv. Density and its influence on preservation.
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Density is one of the most useful indicators of several very important structural and
mechanical properties of timber (Kollmann and Cote, 1968) and is incorporated  in most
descriptions (Bolza and Kloot, 1963) of wood properties. Density is also the simplest
indicator for the wide range of properties that influence  preservation (Chapters 3 and 8) of
timber species being treated by plants which operated over extensive zones (Map 3).
In consequence, it was important to the present work to describe the range of wood
densities between species and the variation in these densities due to environmental
conditions. Extensive field and laboratory research by the author (Appendix 27) is
summarised in Tables 62, 63, Appendix 27.  If the variation in wood density is distributed
normally about the mean, it may be summarised as normal variations at the 68% probability
limits are +/- 10%, and the 95 % probability limits are +/- 20 % (of mean, and published,
values). A mean wood density for all Queensland species (Appendix 27) was determined
to be 789 kg/m3 (air dry at 12% mc), which is equivalent to a basic density (as specific
gravity) of 0.631. This figure was used in appropriate calculations. Wood densities of
sapwood and of fast grown material were generally at the lower end of the 95% probability
range, so that a 20% reduction, or a factor of 0.8, of the species density could be applied.
Conversely, slow-grown material had wood densities that were at the upper end of the 95%
probability range for the species density, and these characteristics had to be taken into
account during the planning of preservation treatment schedules.
12.4. Principles of Wood, Air, Water, Interactions, and their Relationships to Pre-
servative Treatments.
Practical development of treatment schedules was based initially on findings in both
the laboratory and field. However, the successful results obtained, which included predic-
tions in treatment classifications of originally untested species, were predominantly based
on wood “macro structural” properties. They emphasised significances of de-aeration, of
density, and of moisture content. It became clear that relationships between wood structure,
density, moisture content, de-aeration, separate methods of solvent (discussed here princi-
pally as water), and of the preservative solution, penetration into wood, and the resultant
preservative uptake, needed to be examined. The underlying principles of interactions
between wood, pathways for gas, liquid and solutions (Chapter 8) movement, as well as
“sites of deposition of solutes” had to be clarified. In particular, these were examined
through studies of the distribution,interconnection and size of air spaces (void volumes) in
timber. One of the most important factors was soon found to be the manner of interconnec-
tion of air spaces.
Evidence (Chapter 8) including seasoning research, led to conclusions that, for
angiosperms, sites and “flow paths” for air and water, differed to those for preservative
solutions and solutes. Wood tissue is a “semi-permeable” membrane. The interchangeabil-
Importantly, air flow characteristics differed between hardwoods and softwoods, and
were used in terms of pattern, and the rate of flow, as indicators of a timber’s treatability,
and thermal uniformity of plants.
gymnosperms, do not
apply  to angiosperms because of  limited access for aqueous solutions,  and similarly for
“deposition sites” of solutes, which are caused by the  “reactivity” and “penetrability”
(Chapter 8) of timber.
There were shown to be “macropathways” for solutions, and “deposition sites” of
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solute were  restricted only to these “macro structural” features. However evidence, first
noted as “expulsion of contained air” (Section 12.4.i) in thermal processes, and of moisture/
air changes in seasoning operations, suggested presence of “permeable micropaths”, based
on the wood “microstructure”, may separately control air, and water, movement (cf. use of
micropore filtered water in studies by Kininmonth, 1971) in timbers.
Density was a common factor, and “air/moisture content” relationships with density
were defined as a “paradigm”.
12.4.a. Definitions of the terms, “accessible free paths” “orifices” and “effective
orifice diameter”.
12.4.a.i. “Accessible Free Paths”.
For both sub-phyla, the total “void volume”   consists of the separate voids in vessel,
ray, fibre (and tracheid) lumina, but also includes the wall cavities.
There arose, in this context, need for a general term to  explain, to include, and to enable
differentiation of (Chapter 8), selective penetration in hardwoods. It should be usable  for
both softwoods and hardwoods in these discussions.
The proposed general term would principally apply to the “micro structural move-
ments”, but it should also be utilisable for the “macrostructural levels of restricted
movements” within wood.
This term was titled the “Accessible Free Paths”, and the  qualifying keyword,
“Accessible”, was further associated with the quantifying adjective “Effective”. The
keyword identified whether access was unimpeded, or if it was impeded. The adjective
“effective” related to  equivalent duct lengths, numbers, and diameters (or radii).
If access was restricted to limited “routes”, and was  affected by  “reactivity” (Chapter
8), the definition applied for “penetration” of either certain liquids or of solutions (thus sites
for solutes) and was applicable to the “macro pathways”, which include vessels and rays.
If access was unimpeded, the term “permeable” (Chapter 8) applied, and was shown
by air/water penetration of wood, and “accessible free paths”  then  significantly related to
“pit microducts”, and to “wall apertures or openings”. These were described under the
general term of “orifices” (Section 12.4.a.ii.) and  of which (Section 12.4.1) the number,
“n”, of the “effective orifices” (cf. definition below) could increase, so markedly causing
a drop in  “effective diameters”. These latter may  be dimensionally different to, but could
approach, the “mean molecular free paths”. Mechanisms for flow could differ for the latter
case.
12.4.a.ii. Orifices and Effective Orifice Diameter.
In early deductions based on treatment and air flow, the writer considered “microducts”
were probably different in dimensions to the accepted definition of  “pit diameter”. This
latter was later clarified as being the “pit chamber diameter”, and used in some flow
equations. Literature subsequently indicated “microducts” would be of neither  uniform
size nor structure. The terms “Orifice”, and the “Orifice Diameter (or Radius)”, were the
optimum expressions to denote “micropaths or microducts” in terms of mechanisms of
flow. The former is also described in this work as the “Effective Orifice”, or the smallest
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pore through which gases or liquids may pass under defined physical conditions.
Originally, classical structures, and dimensions, of pits had been considered and used,
but data from  Cronshaw (1960) showed they were much more complex. Based on that data,
pit membranes are considered equivalent to a “generally impermeable membrane  with
variable size micropores”, and  the orifices effective for air, and water, movement are the
individual “micropores”.
Their sizes, and equivalent duct lengths, were extremely non-homogeneous (Comstock,
1967). That explains use in this text of the “effective orifice diameter”, which, in fact, may
not be the simple additive values (in terms of flow) of each “micropore” available for air,
or water, flow (this term also applies to  the fine openings in cell walls). When “n” was high,
the effective orifice diameter was small, and resultant dimensions became the point at which
they may approach “mean molecular free paths”, and was  one reason for use of Graham’s
law in Chapter 14. However, both of the terms, “microduct” and “diameter”, continue to be
12.4.a.ii.i. This accumulated evidence of low values in the “effective orifice diameter”
introduced possible effects of “slip flow” as compared to “viscous flow”. The significance
of this is illustrated by  Forest Products Research Laboratory (1964, 1965) studies which
showed  viscous/slip flow effects due to small wall openings were present in softwoods
tested, but not present in the three  permeable hardwoods examined. Comstock (1967)
summarised  the respective importance of “slip” and “viscous” flow for two gases and two
liquids. He showed, dependent on swelling properties of a liquid, “permeability” was a
function of wood  rather than either the gas, or liquid, used for “porosity” measurement. He
also demonstrated;
a.  gas flow measurements under a pressure differential were satisfactory as a
technique in this area. This was in line with principles employed in Chapter 14. In that
Chapter, as flow data was measured externally, the effect of “slip flow” is not mathemati-
cally separated.
b. mathematical “models” of flow in wood are necessarily  simplifications, and in
wood, the “pore/duct flow path” (this writer’s term is “complex”) is multiple (suggesting
flow is probably not uniform in each separate “path”).
Comstock’s data implied a “probable mean value” would be the best available,  and
represented a wide distribution range. This was in accord with the “effective orifice” theory
as developed by this writer.
12.4.a.iii. The original “microduct” theory, and terms, could not be confirmed until
vacuum studies in 1961-63, which importantly (Section 12.4.1) showed the “effective
orifice diameter” was a function of the number “n” of “orifices”, and, hence, could be of very
small sizes. Relationship of size (diameter or radius) became clearly associated with
numbers present (which could be variable) in pit membranes, or in microfibrils (principally)
as an “annulus” in softwoods with tori, or in cell walls. Incrustation of walls and membranes
may be a factor.
12.4.1. Effective “orifices” for gas and liquid flow in timbers.
Preliminary studies indicated differences between gymnosperms (softwoods) and
dicotyledinous angiosperms
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specimens under solution as they were heated during preservative treatment. The pattern of
subsequent uptake of preservative solution indicated strongly that movement of air was
dependent on orifices that were different in size from the lumina of vessels, tracheids or
fibres. In particular, degassing at elevated temperature was a direct function of temperature,
duration of exposure at that temperature (Chapter 13), timber species, density and cross-
sectional dimensions. For both softwoods and hardwoods, and under any treatment
condition, degassing would cease after a certain time.
A wide range of hardwood and softwood (indigenous and exotic) species were treated
by the open tank thermal processes, and manometers inserted to the cores of specimens
indicated that, during the initial (Section 12.3.i.ii) heating cycles, the gas pressure within
the wood increased, and decreased again during cooling. The initial increase in pressure
would create a gradient in pressure from the centre to the edge of the timber specimen, thus
invoking gas flow and degassing. The same phenomenon (a thermal vacuum) was
confirmed by mechanical pump evacuation in closed treatment vessels, especially (Chapter
14) when the timber was immersed in a solution.
In gymnosperms, bubbles were released in continuous and relatively uniform streams,
the rate varying between slow-grown material from native forests and fast-grown plantation
material. A difference was noted between earlywood and latewood in exotic plantation
species.
In contrast, the appearance of bubbles from angiosperm timbers was cyclic, with a
series of generally relatively large bubbles alternating with periods of quiescence. Consid-
erable differences were observed in the rates and patterns of degassing that corresponded
generally with the differences in wood structure.
This cyclic degassing in angiosperms suggested that there was a periodic release of gas
from vessels, causing the large bubbles, and a more continuous release from other tissues,
particularly fibres. It was concluded that the limiting apertures were not the vessel lumina,
but were the pit openings, or the perforation plates, and the interfibrillar spaces within cell
walls.
It is pertinent to note that this work was carried out between 1947 and 1960, when
ultrastructural descriptions of wood were unavailable, except through the CSIRO Division
of Forest Products, when theories of gas and liquid movement in wood were much less
elaborate than at present and when laboratory facilities were much less sophisticated than
those available today.
Subsequently (1961-63), the hypotheses established in this early work were tested
under vacuum treatment conditions.
12.4.1.i.  Determination of effective orifice diameters.
To quantify and demonstrate the processes of gas and liquid transport under vacuum,
special laboratory facilities were constructed (Diagrams 3a, 3b, 3c, Plate 4, Chapter 14)
which permitted studies on specimens up to 1.8m long. The conditions that could be tested
were dry, or wet, vacuum, with, or without, timber specimens. An important practical
feature of this apparatus (Cokley and Smith, 1965 a,b) was that all units were constructed
from Quickfit industrial or laboratory glass assemblies, so  specimen degassing and liquid
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absorption, could be observed and measured directly (cf. Diagram 3a, 3b, 3c). The
equipment described in Diagram 3c was designed to measure  quantitatively the longitudi-
nal flow of gas from small specimens, and it was crucial to the estimation of effective orifice
diameters.
In relation to degassing, for determination of critical vacuums and velocity points,
timber can be regarded as a composite of ducts. There is a relationship (Perry, 1953)
between upstream pressure, “p1
downstream pressure, “p”, which in this case is the applied vacuum;
p = 0.528 p1
Under this condition, the velocity of discharge is equal to the sonic velocity, “c1”, in
air, which, at low pressure (Kaye  and Labey, 1957), is 332 m s-1, and which is independent
of pressure (Duncan and Starling, 1931).
Using these relationships, the writer calculated (Appendix 28) the equivalent diam-
eters of “n” orifices discharging into relatively large ducts. The dimensions of pores
(orifices) resulting in sonic velocity air flow and the pressure drops indicated above were:
Number of pores     Limiting pore diameter (nm)
25 91.2
100 45.6
225 30.4
The limiting pore diameters for n > or = 100 are equivalent to dimensions cited  for pit
openings into wood cell walls (Stamm, 1962, 1964, p. 402).
These dimensions apply equally to the perforation plate openings between vessels and
to the pit openings between vessels and rays. In practice, all these openings may transmit
gases and liquids, unless bordered pits with tori are aspirated.  Degassing and solution
uptake in timber may occur through either the cut ends or lateral surfaces.
12.4.1.i.i. Perforation plate openings, which connect vessels longitudinally, are
relatively large, but few.
Pit openings, which connect vessels or tracheids laterally with the same, or different,
cell types, are relatively small but very numerous.
The relative numbers and diameters of these orifices are important in the determination
of the predominant pathways of gas and liquid transport in timber. It can be shown that, for
the perforation plate and pit dimensions, and the pressure differences defined above, the
diameter of the pit orifice is most important in determining gas flow rates.
12.4.1.ii. Siau (1984)  reviewed attempts to determine what is defined here as
“effective orifice diameter”, using techniques such as impregnation, and precipitation. The
diameters ranged from 5 nm to 170 nm, wih a logarithmic mean of 30nm. That is in close
agreement with results of the present work, obtained between 1961 and 1963.
Three models of gas and liquid transport were discussed by Siau (1984), namely the
“Petty model” for hardwoods,  the “Comstock model” for softwoods and a generalised
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model for hardwoods. In the latter model, the predominant role of vessels in transport is
emphasised.
angiosperms can be
described as follows. In vessels, longitudinal flow is unimpeded until the gas reaches a
perforation plate. The pressure difference required to induce sonic velocity flow is
determined by the size and number of perforations in the plate. For sclariform perforation
plates, the effective pore diameter is related more closely to the minor than to the major axis
dimension of each perforation. The author found it useful to distinguish between “simple”
orifices, in which the perforations were approximately circular in section, and “compound”,
in which they were markedly asymmetric.
12.4.1.iv. Concurrently with degassing of vessels, but at different rates, there is a
complex pattern of air flow between fibres, from fibres to vessels and rays, and from vessels
to rays, principally through pit openings. These openings are commonly smaller and  more
numerous than those between vessels.
There is also some gas flow between cell wall interstices (Table 14), but their
dimensions are very small compared with vessel pit openings, and the fluid transport rates
may be low.
In this work, it is concluded that effective pit opening diameters between vessels and
rays, and the equivalent dimensions of perforation plates between vessels, are the primary
orifices determining the rates of degassing and of liquid penetration (Chapter 8). Whether
radial, or longitudinal, flow predominates depends on relationships between the sample
length and the dimensions of vessels.
However, for liquid penetration in hardwoods, a long period of observation led the
writer to the conclusion that there were three categories of effective orifices: vessel lumina,
perforation plates, and vessel-ray pit apertures. It should be noted that checks in timber also
function as effective orifices, and must be avoided when gas and liquid movements are
being examined in small specimens.
The importance of the role of effective orifices through which exchange occurs is
demonstrated by detailed  reviews by Comstock (1967), Kollmann and Cote (1968),
Kinninmonth (1971), Siau and Petty (1972) and (Siau, 1984).
12.4.1.v. However, Siau (1984, p. 103) cites data from Comstock (1970) for variations
of about 160-fold between tangential and longitudinal permeabilities,  and about 350-fold
between radial and longitudinal permeabilities, adding that greater variability in the radial
direction could be related to large differences in the permeability of ray tissues.
Chapter 10 (Graph 8) describes marked differences in the preservative concentrations,
concentration gradients, and depths of penetration, between backsawn and quartersawn
(AS 01 - 1964) material, This applies for all treatment processes and solvents. In seasoning
practices,  similar differences between backsawn and quartersawn timbers were reported
by  Kollmann and Cote (1968). For other than special species and products, segregation of
sawn timber based on angle of cut was not commercially practicable and distribution
(Chapter 10) was random in any charge. However, evidence derived from research, and
industry, studies led the writer to the conclusion that, for local species, a radial movement
of preservative in timber is significant.
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12.4.1.vi. Importantly, for orifices in perforation plates, two differences exist relative
to pit openings in fibres. They are that perforation plates are much larger, and they do not
act as “selective” or “semi-permeable barriers” to preservative movement.
12.4.1.vii. Differences in the Pit Structures between gymnosperms and angiosperms.
One reason (Sections 12.4.a.ii, 12.4.1) for adoption by the author of the term “orifice”
rests  in the structural differences between pits in these two sub-phyla. As a consequence
of these structural differences, the effective “accessible free path” (Section 12.4.a.i) for
preservative solutions, and deposition of solutes, and possible mechanisms  of fluid
movement could differ. Use, by the author, of the general term “orifice” though recognising
the possible differences on flow and “effective radius” (Section 12.4.a.ii), enabled them to
be jointly discussed under that term for this context.
12.4.1.vii.i. It was important to develop this aspect of the writer’s work because of
practical implications of the anistropy of solvent, and solute, movements in timber with
variation shown between species. Differences between a solution flow and solvent flow,
though accepted by industry, was not accepted by some research workers at that time.
Though workers such as Rudman (1965, 1966) reported on their examination of experimen-
tal material, this writer (Section 12.4.2.ii.iii) found that, in over 300 hardwood species, pits
were consistently impervious to  solutions. Only surface fibres showed preservative
penetration. These conclusions were based on sensitive “spot tests”   with (Chapter 11) a
detection limit below 5 micrograms.
Water, gases, and some solvents, were fully accessible to all tissues, but not all resulted
in swelling. The hypothesis (Chapter 8) that the wood tissues were acting as “semiper-
meable barriers” appeared to offer an adequate explanation for this evidence.
12.4.1.vii.i.i  In gymnosperms, fluid and gas flow ocurs largely through tracheids
connected by bordered pits, some of which may have tori. Passage of air/liquid interfaces
depends on the relationship between the dimensions of orifices in pit membranes and the
pressure differential between adjacent tracheids.
Gymnosperm timber placed under liquid at reduced pressure will emit gas as the result
of its flow between many tracheids.  The process will occur more or less uniformly from
all tracheids, except for the smallest and thickest-walled latewood elements. This phenom-
enon was seen in preservative treatment studies as uniform escape of many small bubbles
from the cut surface, and ends, of a piece of timber.
In angiosperms, the volume of a vessel may be about 1000 times greater than the
volume of an adjacent fibre.  During evacuation experiments, air expulsion was cyclic, was
principally of relatively large bubbles (and thus assumed by the writer as exiting from
mainly the vessels) and some smaller ones. These were followed by a period of quiescence
and the cycle was repeated. This cyclic flow was explained as due to slow degassing of the
fibres with the relatively large bubbles being emitted from vessels, and the  very small
bubbles being emitted more slowly as the fibres are evacuated. By contrast, gymnosperm
tracheid diameters are relatively constant, and the uniformly small constant air flow from
specimens may be stated as being consistent with gas flow laws.
The pattern of movement of air during the evacuation phase of preservative treatment
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can be taken as an indication of the pattern of liquid entry into the timber when the pressure
in the system is increased.  These hypotheses, which evolved during the development of
preservative treatment schedules, are consistent with the date and conclusions of other
workers. These include Ellwood (1958), Preston (1959), Cronshaw (1960), Wardrop and
Davies (1961), Rudman (1963), Skene (1965), Stayton and Hart (1965).  Liquid penetraton
into the timber is likely to be incomplete, depending on the extent and duration of the
reduced pressure phase.  Siau (1972) calculated that the fraction of the void volume of
timber filled was related to the square root of the applied pressure.
12.4.2. Anomalies in the applications of theoretical void volume formulae to preser-
vation of timbers.
Sections 12.1,  12.2 and 12.3,  described development of effective timber classifica-
tions and treatment schedules. These were based on “macro structural properties” and
moisture contents.  As part of this work, the writer had compared treatment group data,
schedules and uptakes, against estimates of void volume (Chapter 14, Appendix 38;
Maclean, 1935, 1952; Stamm, 1938, 1964, 1972).  This section examines some aspects of
void volume of sapwood as it applies to timber preservation. The concept of void volume
has been developed for a variety of purposes by Kollmann and Cote (1968, pp 232-234) and
Siau (1984, pp 25-30), who equated it to porosity as calculated from oven dry specific
gravity.
Void volume as described by other workers relates to the theortical space available in
the timber for liquids or gases, and it assumes perfect penetration.
Many workers transpose the void volume relationship from being one of “air / moisture
content / density” to being equivalent to “air / treatment solution / density”.
However (Section 12.4.a), differences were found which demonstrated,  though this
assumption was adequately true for  gymnosperms, it does not apply for angiosperms. For
the latter, important physicochemical effects, including “wettability” (Appendix 15), and
wood chemical reactivity with preservatives (Chapter 8) affect the void volume available
for preservative uptake.  Siau (1984) made reference to certain of these aspects, but they
have not been considered in detail elsewhere.  Observations and experiments are described
below in gymnosperm and angiosperm species, using both sawn timber and poles.
12.4.2.i  Gymnosperm species.
At the time this work was initiated, gymnosperm timbers were required to be at, or
below, fibre saturation point before preservative treatment by vacuum/pressure methods,
irrespective of the required level of treatment, or the  preservative type (AS 1604-1980) or
its characteristics.
This requirement for low moisture contents caused increasing commercial difficulty,
and it was necessary to establish the relationship between void volume, moisture content
and preservative retention in order to obtain effective and economic treatment. The
effectiveness of a preservative treatment depends on specific gravity of the timber
specimen, which varies significantly with tree age, within a given piece, and within growth
rings.  The variation is particularly pronounced in plantation-grown Pinus species, where
earlywood and latewood bands have very different specific gravities, structure, and
preservative uptake rates, but not very different natural timber durabilities.
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Substantial variation was observed in the effectiveness of (full cell) commercial
treatment of gymnosperm
concentration of preservative across the diameter of two Pinus taeda poles treated (with
mean sapwood retention of 24.29kg/m3) in a commercial cylinder as part of a charge of
similar poles, and  at a nominal CCA solution concentration of 3.0% m/v. Both poles contain
visible heartwood. The mean basic density was 0.462, as compared with the published value
of 0.595 (Cause et al., 1974).
The variation in preservative concentration with distance from the surface was
compared at 2.7m and 5.0m from the butt of two P. taeda poles,  9m long, containing no
visual heartwood, and with a mean specific gravity of 0.420.  To confirm influences of
solution concentration, the poles were treated in a commercial CCA solution of 10% m/v.
Mean diametric gradient results, sampled at 6mm intervals, are presented as Graph 42.
Though individual gradient results show assymetry, mean (84.34 kg/m3) CCA concentra-
tion was slightly, but not significantly, greater at 2.7m than at 5.0m (78.20kg/m3) from the
butt, indicating penetration over 5m was effective in this species. Decrease in CCA
concentration with increasing distance from the surface suggests that, either there is some
radial transport of preservative, or axial transport through the inner sapwood is slower than
through the outer sapwood. To test the possible effects of circumferential position in a pole,
for these poles, a separate sample 0.3m long was taken above, and adjacent to, the two
diametric sampling positions (2.7m and 5m).
Three radial sub-samples distributed at 120o around the stem, and circumferentially
aligned  with those in the other sample section, were analysed, details   of which shown in
Table 64, Appendix 29. Results show that, for the bulk samples, neither circumferential nor
vertical differences were significant. Differences in salt uptake between earlywood and
latewood from the same growth ring in three poles of P. elliottii var elliottii are shown in
Table 65, Appendix 29. It will be noted that retentions are in agreement with changes in
specific gravity and differences in structure of these bands. When  results are related to data
cited in Graphs 41, 42, and to other similar studies made, the conclusion is drawn that radial
penetration is  significant. On this basis (and this was found in sawn timbers with early or
latewood face sections), the assymetric results found in those poles may relate to the
proportional influence of these bands (Eccles, 1974) present in exotic species.
12.4.2.ii. Angiosperm species.
In addition to the more complex anatomical structure, angiosperm timbers differ from
gymnosperms in the greater range of specific gravities (0.300 to 1.100) (Kollmann and Cote,
1968), and locally extending to 1.200.  Many open forest species have specific gravities in
excess of 0.800, which [Equation (12.3)] (Section 12.4.3), suggests their void volume is
about half of that of a gymnosperm
44).
Work described earlier (Chapters 8, 10, Section 12.4.a)  established that preservatives
did not penetrate the heartwood (or fibres), of hardwoods, although water and light polar
solvents (eg. ethanol) did , as reported by Kininmonth (1971). Below fibre saturation point
(FSP), penetration of these small polar molecules was shown to be a function of the moisture
content.  Viscosity (a function of temperature), and polarity were observed to control the
penetration of oils, as confirmed by Siau (1972).  In mixed solutions, a chromatographic
effect occurred, as described by Huber (1935, n.r.) and in Chapter 8.  This phenomenon
affects not only preservative penetration, but also “wettability” (Appendix 15), the
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measurement of pH (Chapter 8), the distribution and colour of stains, the adhesion of paints
and finishes.  Several consequences of differential penetration include:
(a). Gluing, especially of solid timbers using radio frequency heating.  The difficulty
of gluing generally increased with density, so that increasing the contact surface area by
grooving was practised.  This phenomenon was important in finger-jointed flooring,
mouldings and structural timbers.
(b). “Incising” by narrow knife cuts parallel to the grain on the lateral surfaces of
timber was used to increase the extent and uniformity of penetration of creosote/oil
(c). The rate of spread of flame on hardwoods was commonly greater than that of
softwoods treated with a given concentration of fire retardant chemical. Similar differences
were also observed between latewood and earlywood of exotic plantation conifer species.
(d). The performance of water repellant treatments was relatively poor in hardwoods,
and similar differences existed between latewood and earlywood bands in exotic plantation
conifer species.
(e). “Oxy-charring” of transmission poles (Chapter 15) was very effective in
promoting penetration of creosote because it greatly increased the porosity of timbers
through carbonisation of the outer layer of wood.
(f). Service  problems with hardwood species in marine environments (Chapter 15) and
susceptibility of hardwood poles to soft rot in terrestrial service (Chapter 15) were
associated with the failure of penetration of preservative into fibre tissues below the
surfaces.
12.4.2.ii.i. End- and cross-grain penetration.
Work described in several sections of this thesis (particularly Chapters 10 and 14)
bears on the problem of penetration of preservatives along the grain and across the grain.
For the majority of Queensland timbers tested by the writer, there was no detectable
deposition of preservative in the fibres beyond the surface 0.5 to 1mm.
12.4.2.ii.i.i. Studies showed that when long boards of white cheesewood (cf. Graph
10), with one  end sealed to prevent penetration from other than faces and sides, were treated
in 25mm and 50mm thickness, and sampled in 50mm intervals from unsealed ends, an “end-
grain” penetration of boron salts (as boric acid) was highly significant to 100mm, and
significant to 200mm, from the unsealed ends.  Tests were made to ascertain if the higher
“end-grain” retention could represent possible penetration of fibres.
If fibre penetration had occurred, then the percentage of void volume required to
contain the measured salt concentration would be in excess of vessel cavities (parenchyma
was not included in  calculations).
This can be determined (Section 12.5.4) by  “Specific Void Volume, SVV”, and
“Specific Void Concentration, Sc
is compared to the void volume, it is also calculated on basic density, though for normal
comparisons (refer note below) the air dry density is used. Final “Sc” values are then
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converted to an equivalent concentration expressed as mass/mass, oven dry basis, for the
white cheesewood. For the 0-50mm distance, the concentration is 2.1% (o.d.m/m), falling
to 1.23% at 50-100mm. Comparative data were;
Void volume (white cheesewood) = 0.664
For white cheesewood (Graph 10), a mean vessel diameter of 260 microns, a count (20
mm2) of 70, i.e 3.5 / mm2, a wood B.D. of 400 kg/m3 are used. The “SVV”, and “Sc”, show
(assuming a 2.0% m/v boric solution with a specific gravity equal to 1.000) the salt  uptake
“SVV” =  (0.2602 x 11/14 x 3.5) / 0.400
= 0.4647
“Sc”  = 0.4647
and the retention = 464.7 kg/m3
Thus, as oven dry mass of the wood is 429 kg/m3, the dry salt concentration is;
% boric acid =  (464.7 / 50) /429
= 2.16% o.d., m/m.
and percentage (“SVV” / void volume) = 69.98%
As the concentration of 2.16% is of the same order as the measured (0-50mm) value
of 2.1%, it was concluded there had been no significant end-grain penetration of fibres.
The significant end-gradient  preservative concentration may be explained as the end
zone is subject to the maximum pressure differential, including thermal, and as flow
progresses, the differential is reduced, eg. by the resistance to flow.
Author’s note;  when comparison is made between possible treatment of timbers from
different sources, or of different species, the published (or measured) air dry density at 12%
mc is used for calculation. When this is used in calculation, a value of 1.8% boric acid (o.d.
m/m basis) is given. Comparison of “1/c” [equation (12.1.c)] for Graph 37a, where “1/c”
is “nominal uptake at infinite time” is 1.73% boric acid, on an o.d., mass/mass basis.
Analyses away from the end show the “actual to possible” values of “Sc” are less than
saturated, being only of the order of 60%. This can be reconciled with capillary flow, and
decrease of effective pressure with length of duct. The uniformity (non-significant
deviations about the mean) along the length, the differences in gradients in Graph 11, and
influence (Graph 8) of angle of cut lead to the conclusion that predominantly flow is by the
vessel systems, but away from the ends, the effects of a radial penetration become
significant. This research explains differences in preservation concentration gradients with
specimen thickness in treatments, reasons to eliminate “end-grain effects” in sampling, and
use of a nominated minimum specimen length for research, or testing, in all processes.
Using similar studies on denser timbers, the “end-grain” salt concentration effect was
shown to be limited to within the 0-25mm zone.
12.4.2.ii.ii. End effects of air flow.
Air movement could be demonstrated up to 200mm from the cut ends of spotted gum
samples (Graphs 52a, 52b, Chapter 14). which is of the same order for thermal vacuums
(defined Section 8.xi.i, Chapter 8), but this did not represent the extent of preservative
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movement. Therefore, unless chemically verified, penetration tests carried out with highly
permeable materials do not reflect the patterns of movement of preservatives, many of
which are composed of molecules much larger than stains.
Effective research into preservative penetration required sampling to exclude the end-
grain effect, or the use of end sealants. Analysing the different data, it is suggested that the
large differences of “end-effect” between air (Graphs 52 a, b) and end-grain preservative
concentration, are related to the density and viscosity differences of air to liquids, and that
includes aqueous solutions and oils. Similarly, Siau (1972) demonstrated end-grain
penetration as a function of time, liquid viscosity and specimen length.
Rudman (1965) examined penetration of four  eucalypt timbers by a range of fluids,
preservatives, and wax, and drew conclusions on the penetrability of preservatives. Data
cited in that paper show less uptake  of creosote than obtained in commercial treatments,
especially for spotted gum and mountain ash which meet retentions as specified in both AS
0117-1970 and AS 1604-1980. For the former species, this writer carried out referee
analyses, as well as tests under T.U.P.A. (1949), in which pole sapwood retentions (as in
the above standards) were obtained. Cummins and Dadswell (1935) reported high retentions
in mountain ash poles, and that was confirmed by commercial pole treatments in Victoria.
In an attempt to reconcile the apparent discrepancies, Rudman’s data were reviewed
by this writer, and it seemed that many of the conclusions had been influenced by;
a. the possible extent of end-grain penetration in small specimens.
b. apparent use of “mature stem” material,  as indicated by basic density values quoted
(cf. Appendix 27).
c. low values of vessel cavity areas (possibly related to the method used for their
measurement).
d. the use of total void volume as the  measure  (fig. 12 of that paper) of creosote uptake
in spotted gum.
General application of total void volume for preservative retention is indicated in the
formula used. This last is anomalous, as one apparent objective of that study was to ascertain
if any preservative distribution extended to zones other than vessel cavities.
Using data from that paper, and a procedure similar to the method for analysis of the
“end-grain” penetration in white cheesewood (Section 12.4.2.ii.i.i), Rudman’s results were
tested against the “Specific Vessel Void Volume, SVV” and the “Specific Void Concen-
tration, Sc”. These led to conclusions that wax penetration is restricted only to vessels, but
for water, and possibly chloroform (one species), penetration is in excess of vessel cavities
as a percentage of total void volume. These opinions were based on the detailed analysis
described in Appendix 30A.
Author’s note; it is appropriate to indicate that creosote is not a single compound.
Dependent on type, creosote may contain of the order of 180 compounds. About that era,
the creosote used in Australia changed from  the K55 type (obtained from household gas
retorts), which contained higher concentrations of both tar acids and lower boiling point
fractions. A formulated “High Temperature Creosote”  was adopted in which, particularly,
the tar acid content was reduced.
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12.4.2.ii.iii. Experimental study of deposition sites of preservatives in hardwoods
Because creosote and oil-borne preservatives may “bleed” from timber (confirmed by
Gilfedder, 1972) or be smeared across cut surfaces (confirmed by Rudman, 1965), their
penetration distribution was investigated on split, seasoned surfaces. For aqueous solu-
tions, transverse cuts presented similar problems to those described above, and softening,
by preboiling, for microscopic studies was  found (as for starch granules, Chapter 4) to affect
salt distribution and concentrations in the timber. Presence of “free liquid” prior to
seasoning and  redistribution (Graph 11) of solutes caused by seasoning, affected the
validity of assessment. Consequently, studies were made subsequent to a seasoning period,
and were standardised on split surfaces (dressed  smooth as required), cut away from the
ends.
Microchemical tests [Feigl, 1958, 1966; Snell and Snell, 1949]  (cf. class b - spot tests,
Section 11.x, Chapter 11) typically sensitive to less than 5ppm,  were employed to establish
deposition sites and, in addition, where applicable, ultraviolet fluorescence techniques
(Chapter 8) were used, particularly for oil type preservatives. As studies were on split
surfaces, stereoscopic microscope (to 40x) examinations were made during tests to confirm
deposition sites.
In the present work, conclusions on deposition sites were established experimentally,
and confirmed in commercial operation by impregnating wood at various moisture contents
with mobile and slowly penetrating liquids, salts, multiple preservatives, in aqueous media,
a range of solvents, and creosote either alone or admixed with oils (eg. Cokley and Rees
1964, Cokley and Smith 1965; Appendix 2). This phase  included a ring porous species, red
cedar, Toona australis, in the studies. Research extended to include dyes. The cooperation
in this work of commercial processors in Queensland and northern New South Wales,  the
CSIRO Division of Forest Products, and the Division of Wood Technology, New South
Wales Forestry Commission, was vital.
All the evidence indicated that, irrespective of species, preservative, process, or
moisture content at treatment, no effective concentrations of preservatives occurred in
angiosperm heartwood fibre lumina other than adjacent to a surface, or in very short end-
grain penetration, area. Some penetration occurred in sapwood fibre lumina, but it varied
with chemical species (eg. sodium hydroxide). For other than in the surface, or for short (and
variable) end-grain, fibres, the tests, as described, demonstrated negative (or minimal, eg.
at, or below, ppm levels) preservative retentions in adjacent, or multiple, fibres.
Treatment of thin veneers (very high surface / thickness ratios and a high number of
cut, exposed, fibres) using borax, by the “Momentary Dip” process (Chapter 8), where the
aqueous preservative film was applied by “pressure roller” during submersion, followed by
blockstacking, did, for some species, result in penetration of cut fibres from the surface, or
through the “peeler checks”, but was only to about 1mm depth from the veneer surfaces, or
in fibres adjacent only to the “peeler checks”.
These findings on the absence of effective preservative levels in wood fibres were
verified by field service observations (cf. Chapter 15).
12.4.3. Differences between angiosperms and gymnosperms in relation to loss of free
moisture and distribution of air space in wood cells.
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As stated in introducing Section 12.4, the writer examined applications of theoretical
formulae to clarify anomalies and differences found by him in relation to the sites and flow
paths between air, water and solutions. Initially, this required quantifications of the volumes
of, and dimensions of, the respective wood elements, namely tracheids, fibres and vessels.
Subsequently (refer Section 12.5.4), study extended to measurement of levels of preserva-
tive deposition.
The relative proportion of wood elements present in hardwoods and softwoods is
variable between species and families. In his early work, the writer found difficulty in
obtaining data from independent references on the relative percentages, especially for
fibres. In contrast, there were, due to interests in possible wood utilisation as a pulp source,
and including the writer’s own analytical data, considerable quantified references on
cellulose and lignin concentrations in timbers.
To determine an acceptable value, and as part of his research into “Specific Vessel
Void Volume” concepts (refer Section 12.5.4), the writer assessed residual fibre volume.
For this,  he determined (cf. Appendix 16 and Section 12.5.4)  the mean total vessel volume,
per mm3, for 45 random species, which ranged from a minimum of 30% to a maximum of
37% (mean 35% [compare Table 13]).  When allowance was made for such as the radial
tissue volume, the value of 50-55% was accepted as a “working” fibre volume, with the
caution that fibre lumen diameters may be a function of wood density.  As illustration of the
range of variation, assessment of species listed in Appendix 16 show a mean vessel volume
of about 25%. This value was obtained from a sample of 27 species, as compared with the
45 species discussed above. 
value of vessel volume. As such, based on Appendix 16, equivalent fibre volume values
would increase. Later evidence (eg. Kozlowski, 1971) cited fibre volumes from 50% to
70%.
12.4.3.i.a. Use of Published Data.
Browning (1963) lists typical values and also includes ranges, which are summarised
in Table 13 (Chapter 8). This  was the first independent reference available to the writer,
where wood tissues, for both hardwoods, and softwoods, were listed in both average
dimensions, and as a percentage of the total, and is used, where applicable, in discussion.
It will be noted (Table 13) that tracheids occupy the major bulk of softwood volume; their
mean diameter is about 1.5 times that of hardwood fibres and the length about three times
greater. Vessels (Table 13) occupy about 36% of the total volume and vessel elements are
about one half of the length of the fibres. However liquid flow may be assumed as
continuous in the axial direction of the stem as vessels are interconnected by simple or
compound perforations plates. A sequence of connected vessel elements may be considered
as a continuous duct, of generally uniform crosssection, but characterised by repetitious
constricted orifices or orifice plates. Vessels may be interconnected to ray cells, and fibres,
by  pit “orifices”. A typical vessel (Table 13) diameter (cf. Section 12.5.4) is about 3 x 103
the diameter of an average pit opening and varies between 4 and 20 times the diameter of
a normal fibre.
In view of their relatively small low volume, radial and vasicentric parenchyma of
angiosperms  will be excluded in the subsequent discussions on this topic, even though
those tissues are generally penetrated by preservatives.
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12.4.3.ii. Void Volumes, Density and Wood Structure.
12.4.3.ii.i. Determination of Air Space (void volume) in timber.
Considerable research has been conducted into this topic. A number of formulae
(Maclean, 1935, 1952, Stamm, 1938, Harrow, 1947, Tamblyn and Bowers, 1961), Tesero
et al. (1966) were developed. 
1952) and Stamm’s (1938) formulae.  Other authors, eg. Siau (1984, pp 25-30), Kollmann
and Cote (1968 pp. 232-234) each discuss varying applications. Siau, using the oven dry
specific gravity, equates “void volume” with the term “porosity”. Kollmann and Cote use
the derivative to determine double cell wall thickness.
A formulation proposed by MacLean (1935, 1952) has been principally used for
discussion by this writer. This is;
Mf = 100 { [1 / spg] - [1 / 1.53]}    (12.3)
where    Mf = Saturation Moisture Content.
spg = specific gravity of specimen on oven dry weight  and swollen volume basis.
1.53 = specific gravity of wood substance in water.
f” is an inverse linear
function of the swollen volume Specific Gravity, “spg”. The relationships of swollen wood
moisture content, basic density, percent air space and moisture content, based on MacLean
(1935), are shown in Graphs 43, 44. There is a small, but significant, nonlinearity at
moisture contents below FSP. It was found due to;
(a). the use in MacLean’s data of the value of 1.53 for the specific gravity of wood
substance. This is the value when wood substance is measured in water. When the value of
1.46 is substituted at low moisture contents (below FSP), the nonlinearity becomes
nonsignificant. Stamm (1938) discusses varying effects on void volume calculations by the
separate allowance for shrinkage and use of the two values of wood specific gravity. Other
authors (Kollman and Cote, 1968, Siau, 1984) use a value other than 1.53, typically  1.5.
(b). Smith (1975) discusses the inclusion, below FSP,  of the wood shrinkage  factor
of 0.28  x Basic Density (Greenhill and Dadswell, 1940). Smith (1975) also notes Nearn’s
work (1953, not referenced in this text) relating variable FSP values to solvent extraction
prior to measurement. That work thus suggests possible differences in cell wall structure
with species.
12.4.3.ii.ii. Influences of Density and “Saturation Moisture Content” on void volume
calculations.
The criterion employed is basic density (or the specific gravity), which is determined
on a maximum “saturation moisture” volume (Chapter 7), when it is assumed that all air
spaces have been completely filled with water. In practice, “saturation moisture content”
may be more accurately defined as that point in the water uptake at which a negligible
increase in the mass is given, and consequently the “saturated wood volume” is either
constant, in equilibrium, or at a maximum. Care is necessary to ensure the oven dry mass,
and specific gravity, are accurate, and adequately represent the gross timber sections being
treated. That need is illustrated by studies on slash pine and loblolly pine [Section 12.4.2].
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12.4.3.ii.ii.i. The “Degree of Unsaturation” in moisture content examinations of
timbers.
The writer (Cokley, 1979) developed a term, the “Degree of Unsaturation”, or “DUS”,
to represent the difference betweem “Mf” (equation 12.3) and actual moisture  content “Ma”.
Expressed as a percentage, it is;
DUS%  = 100 [ (Mf -Ma) / Mf]          (12.4)
In terms of hardwood absorption, this represents the probable maximum water uptake
(Graph 35) obtainable, but not salt uptake, a difference illustrated in Chapter 10. For
softwoods, the difference is that, in preservation, it indicates maximum solution absorption.
12.4.3.iii. Significance of void volume calculations in preservation (cf. Sections 12.1,
12.2, 12.3, Section 12.5.4, and Chapters 8, 13, 14, Appendix 38).
It had been generally accepted (Maclean, 1935, 1952), that, “assuming structural
dimensional uniformity in timbers”, such as in softwoods, these calculations were a
quantitative measure of water uptake. It should be noted that “structural dimensional
uniformity” is an addendum by this writer. By extension, this was applied to uptake of,
especially aqueous, preservative solutions, and of dissolved salts.
For gymnosperms, this assumption is adequately correct for uptake of both water and
solutions (hence solutes).
Siau (1984, p. 30) nominates a formula for calculation of the maximum quantity of a
liquid preservative which may be injected into a wood specimen of known specific gravity
and moisture content. Using (see addendum above) a similar qualification of uniformity, he
determines (cf. Section 12.4.4.i.iii) the lumen and wall dimensions. A detailed ( Siau, 1984
pp. 80-104) theoretical evaluation of especially permeability was given using the “Petty”
and “Comstock” models . Further (1984 pp. 79-82)  using a “parallel-uniform-circular-
capillary” model in the longitudinal direction, Siau derives an equation, based on  volumet-
ric flow rate as a function of radii, for the cross-sectional area occupied by vessels, and thus,
nominally, the volume fraction  of vessels.  These are discussed in this thesis (Section
12.5.4) as two concepts, namely, “The Specific Vessel Void Volume, SVV”, and the
“Specific Vessel Void Concentration, Sc”, which were  developed   to quantify (cf. Chapter
3)  variations in treatability of hardwoods timbers.
The patterns  of (Section 12.4.2.ii.iii) preservative (solution and solute), air and water,
led the author to conclude that, for angiosperms, while it is correct to apply the “void
volume” concept to water, and gas (air), uptake, it does not represent  the situation for uptake
of aqueous salt  solutions (or of preservative oils, eg. creosote). In consequence, the author
examined relationships of void volume with timber (hardwood and softwood) structural
characteristics to ascertain if the theoretical premises could support those hypotheses.
Discussion for this topic assumes  aqueous preservatives as being used.
12.4.4. Relationships between water, and gas flows, and “duct/ orifice” diameters.
If the writer’s theories were applicable, the logical implication is, for preservatives,
though total tracheid void (air, or water) volumes apply for softwoods,  for hardwood
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species, the void (air or water) spaces of vessels, rather than total void (air or water) volume
of the full section, were the significant factors. He hypothesised this may be a function of
vessel size and diameters relative to fibres. The “effective orifices” (Section 12.4.1), and
“accessible free paths” (Section 12.4.a.i) were considered to have important roles. To this
end, the author generally examined relations between void space, “orifices”, and wood
structure, as a function of moisture content, of gaseous, and fluid, flow based on several
formulations. The air space determined for reducing moisture contents was then evaluated
in terms of the volume of tissue sites (cf. Chapter 14) available.
12.4.4.i. Evaluation assumptions (also refer author’s addendum, Section 12.4.3.iii)
To examine the theoretical significances of structure it is assumed, for all timbers, that
specimens are initially at complete saturation moisture content, and thus  no void space is
then present. Additional assumptions are that specimens are of an effective length, or are
end-sealed, such that direct “end-grain” longitudinal drying from cut cells, particularly
other than vessels, is not significant. In addition, it is assumed each specimen thickness (and
drying conditions) are such that the moisture gradient from the surface to the centre is not
significant.
 As the specimen commences to lose free water, and to approach FSP, the water
content changes from a full volume (no void space) through a liquid having a meniscus, to
a bubble. It then changes to a film on the cell walls (which are saturated with water). By
definition, to fall below FSP, the wall film and bound moisture have begun to be lost. The
specimen then loses further moisture to attain EMC, and finally the anhydrous state
(Chapter 7). Stamm (1964, p 438) discusses types of moisture movement, and differentiates
three types, for which (Table 14) he indicates the relative value of percent diffusion.
12.4.4.i.i. Derivation of fluid flow characteristics.
A number of formulae, particularly related to flow and dependent on “orifice” (cf.
Section 12.4.1, for differences in pit structures, or “orifices”), and duct diameters suggested
major differences exist between gymnosperm and angiosperm woods. Equations of
significance are;
(a) Stamm’s Equations.
(b) Poiseuille’s Equation
(c) Hart’s Equations.
(d) The Darcy (and Darcy - Weisbacht) Equation.
The last equation has been extensively discussed (eg. by Bramhall, 1971), and, as it
is utilised by this writer in Chapter 14 (aerodynamics), it will not be elaborated on here.
In summary, the author found that Stamm’s equations had most relevance to “orifice”
effects, but also related to softwood tracheids and hardwood fibres. Poiseuille’s equation
was very relevant to “duct” flow, and highlighted differences, due to radii, between vessels
compared to fibres, tracheids and pit dimensions. It was applied theoretically to determine
the necessary pressure (Kollmann and Cote, 1968) for a liquid to pass through a pit pore
opening and expand the equation in terms of the preservative treatment of wood. Hart’s
equations enabled the writer  to examine application of his theories to the cavity dimension
effects and enabled proximate assessment of fibre diameter (lumen and wall) dimensions.
(a) Stamm (1964, pp. 144 and 442) cites  two equations;
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(a)  r =  2 . (st. Mw) / [sg. R.T. log (po/p)]  (12.5)
(b)  P = (RT/ Mw.vo ) log (po /p)               (12.6)
where   r = pit membrane pore opening radius
R = gas constant (8.316 x 107)
sg = density of liquid (asssumed 1 for water)
T = absolute temperature
Mw =  molecular weight of liquid (water)
st = surface tension of the liquid
(po / p) = the relative vapour pressure ratio.
P = liquid tension in the cell cavity.
vo = specific volume (assumed constant)
That writer uses an application of equation (12.5) to examine water movement and
uptake through cell walls of softwoods.
Stamm (1964, p. 301), citing a critical value of 42 millimicrons, shows that the radius
of the pit membrane pore has a large effect on the liquid tension in the cavity. In equation
(12.5), the value of cos (theta) in the general Kelvin equation is assumed to be unity and
hence “(theta)” is zero. This assumes complete wetting (refer Appendix 15).
The two equations (12.5), (12.6) were combined by the writer to give a simple, but
valuable, relationship;
P = 2. (st / r)                       (12.7)
Siau (1984, pp 105-111) independently derives the same equation from surface tension
principles.
As the value of “(theta)” is zero, the surface tension “st” of the cell liquid (discussed
as water), is assumed to be sufficiently constant under the assumed conditions. Hence, if
f” and “dv”  and corresponding
“r” values,  the pressure associated with a given flow is inversely related to effective radii
(equation 12.8). Then;
[ Pv / Pf ] = (rf / rv) = (df /dv)        (12.8)
For water to be present in the liquid phase, the Relative Humidity (RH%) must be at,
or above, “Dew Point”. Below that, the wood moisture content and capillary pressure is a
function  of the relative humidity (Cokley et al., 1953). The author suggests Graham’s law
(Findlay, 1944) then becomes significant in flow through the “orifices”. For thermal
processes in preservation (and kiln seasoning), constant temperature,  and uniform surface
tensions, do not initially apply. Under those initial conditions, the writer considers the
system to be in an unsteady state in terms of equations (12.5) to (12.8), and to remain in that
state until the total system (Chapter 13) is in, or attains, equilibrium.
(b) Poiseuille’s Equation (Stamm, 1964, p.391).
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This equation is;
V = (pi. r4. P) / 8 [vis]. L         (12.9)
where
V = velocity of flow, cc/sec.
pi = 3.1416
r  = radius of capillary duct
P  = applied pressure
[vis] = liquid viscosity
L = duct length
As examined in Chapters 13, 14, Poiseuille’s equation applies to both thermal and
vacuum/pressure conditions. Derivations of Poiseuille’s equation are used in calculation
(Kollmann and Cote, 1968, pp. 237-238) of pit membrane pore diameter. Similarly Siau
(1984, pp. 81, 89) derives a formula for calculation of radius of tracheids, or vessel lumina,
and (p. 93) the number of conducting tracheids, but the assumption of uniformity of radii
is important.
(c). Hart’s Equations.
Hart (1964) derives fractional cross-sectional cavity area by an equation [compare
equation (12.3) and Tesoro et al (1966)], which states;
Af = 1 - ( sg / sgw)               (12.10)
where Af = fractional cross-sectional cavity area.
sg  = specific gravity at oven dry mc and existing  volume basis of specimen.
sgw = cell wall substance specific gravity measured in helium (equal to 1.46).
Hart (1964) suggests that moisture flow above fibre saturation point is principally
dependent on permeability but below FSP is strongly dependent on density.
He differentiates between Fickian diffusion in the steady state, and in the unsteady
state.
That worker also discusses a proximate relationship between the Diffusion Constant
1” and “D2” are related to
their specific gravities, “sg1” and “sg2” by :
(D1 / D2) = (sg1 / sg2)
2           (12.11)
Importantly, for this writer’s theories, these equations, (12.10) and (12.11), unite
specific gravities and cell cavities, such that the ratio of the Diffusion  Coefficients is a
function of the square of that combination for each characteristic.
Equations (12.10), (12.11) can be combined to express the ratio of the Diffusion
Coefficients, “D1”, “D2”, and related specific gravities, “sg1” and “sg2”, in terms of the
respective cross-sectional cavity.
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Thus, as from eqn (12.10);
(sg1 / sg2) = {(1 - Af1) / (1 - Af2) }    (12.12a)
then;
(D1 / D2)  = {(1 - Af1) / (1 - Af2)}
2    (12.12)
12.4.4.i.ii. Applications of formulae to Gymnosperms.
Tracheids (Table 13) are of the same order in dimensions and specific gravity.
Consequently, assuming equivalent pit opening diameters and aspiration state (relative to
permeability), equations (12.5)-(12.8) show there is no significant difference in liquid
tension. Drying  from tracheids [equations (12.9), (12.10)] is at a reasonably uniform rate
and is adequately simultaneous. Diffusion Constants [equations (12.11), (12.12)] are also
adequately uniform for equivalent specific gravities and cavity diameters. Thus, theoreti-
cally, at any moisture content from Saturation Moisture Content to FSP, all tracheids should
have an approximately equal air space. Depth from atmosphere ensures there is a gradient,
but the above is still applicable. There is an additional difference due to changes of cell
diameters and specific gravity between the earlywood and latewood.
In practice three effects are present:
(i) there is a measurable moisture gradient from the external faces to the centre of a
board. This is present unless the drying differential to atmospheric conditions at the surface
of the specimen is very small, or the surface/thickness ratio is high, eg. 1.5 mm veneer.
(ii) There is a corresponding decrease in air space within each tracheid relative to depth
from the surface.
(iii) When the incompressible free moisture in the cell cavity is subjected to an external
hydraulic pressure, there is, with depth, a resultant decrease in effective net pressure when
compared to that given by Poiseuille’s Equation.
Equation (12.10), and its derivative equations, may be used  to determine the
theoretical tracheid dimensions (cf. Section 12.4.4.i.iii.i.a., re angiosperms)
12.4.4.i.ii.i. Experimental verificaton of deductions.
This theory was  amenable to experimental verification. If valid, then, using an
aqueous preservative solution,  results should be ;
(i) there is a significant correlation between initial cross-sectional moisture content
(air space) and:
(a) increase in cross-sectional moisture content.
(b) nett dry salt retention on a cross-sectional basis.
(ii) there is a decrease in the dry salt retention at the “core” relative to the cross-
sectional retention.
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(iii) when the cross-sectional moisture content gradient present is such that, due to that
gradient, there is a significant decrease in internal air space, a resultant increased resistance
to hydraulic pressure will occur. The ratio of “core” to “crosssection” preservative
concentration will show a marked decrease. However, when a preservative is present as an
aqueous solution, a small  theoretical dilution of concentration may occur. If, in aqueous
media (Chapter 8), the preservative is a small, fast, diffusible ionic species, increased
penetration of the tracheid (and ray) volumes can result.
12.4.4.i.ii.i(a). Typical studies (Cokley and Smith, Rep. No.6, 1965b) are shown in
Graph 45(a), (b), (c). Boards (25mm thick) of slash pine (six in each group), of a mean
specific gravity of 0.50 (published density value 625 kg/m3 [Cause et al., 1974]), were tested
over a range of initial moisture contents.
Treatment was by the Vacuum Pressure Diffusion Process (cf. Chapter 14), previously
shown to effectively treat timbers above FSP. All boards were endsealed prior to treatment.
Air space and “void volume” data, including the saturation moisture contents, were
calculated from Maclean’s formulae. Measured values of saturation were experimentally
determined. Examination of Graphs 45 a, b, shows the cross-sectional moisture uptake, and
analysis, relationships to the initial air spaces and moisture contents are nonlinear.
In each moisture content range, small variations were found about mean density values
of the 6 specimens, caused by some variation in respective densities (with respect to mean
values) and in ratios of earlywood and latewood. As the effect of nonlinearity was more
pronounced at lower moisture content ranges, the sample permeabilities and penetrabilities
(and  wettabilities) may have been reduced by drying (and shrinkage) before subsequently
being stabilised under appropriate humidity conditions to test levels. The writer experi-
enced this phenonemon in commercial treatments of dry plywood (very low mc) and kiln
dried sawn slash pine (this latter ex Maryborough). Both products required reconditioning
by “wet steam” (followed by cooling) for effective treatment by vacuum pressure systems.
The conclusion  is  supported by the finding that the zero value of  “nett dry salt retention”
intercepted the Initial Moisture Content axis at about 135% mc, which is in satisfactory
agreement with a calculated “Saturated Moisture Content” value of 134%.
12.4.4.i.ii.i(b). Results also confirm that the effective (Cokley and Smith, Rep. no. 6,
1965b) moisture content of treatment for softwoods by a process, eg. the “full cell” vacuum
pressure system, using an aqueous solution, is a function of the required preservative
retention and salt. There were significant linear relationships  between the cross-sectional
moisture content increase, with the cross-sectional and “core” nett dry salt retentions.
These are shown by:
(a) for Cross-section;
% M1 =  1.2608 + 56.7683x (12.13)
r = 0.9949 ***
(b) for “core”;
% M1   =  17.1318 + 64.5986C (12.14)
r = 0.9976 ***
where;
% M1 = Moisture Content Increase (cross-sectional)
x = cross-sectional Nett Dry Salt Retention (p.c.f.)
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C = “Core” Nett Dry Salt Retention (p.c.f.)
Note; original data and equations in imperial units.
Factor  1 p.c.f. =  16.018 kg / m3
At oven-dry conditions, for a test solution concentration of 3.89 % m/v CCA, there is
a theoretical maximum “core” retention of 1.81 p.c.f. (29 kg / m3), and a cross-sectional
value of 2.34 p.c.f. (37.44 kg / m3).
The results indicate that, based on a constant  ratio of core/cross-sectional moisture
3, a maximum moisture content
at treatment (Graph 45c) of 60% for that species, and density, is satisfactory. For moisture
contents above that value, treatment is dependent on salt retention  (AS 1604-1980) required
for effective service. It  depends on type of preservative. Retention may be varied, eg. by
solution concentration (refer Graph 42), or schedule conditions. These conclusions were
tested over a large range of commercial treatments, and experimental studies (Waldron,
1965, and  Kennedy, 1972). Treatment by hot and cold processes (Kennedy, 1972) is
effective at high moisture contents using boron compounds.
12.4.4.i.iii. Applications of formulae to Angiosperms.
12.4.4.i.iii.i. Applying similar principles to this sub-phyllum, Hart’s data indicate
cavity diameters are functions of density. This author argued that, if these equations,
particularly equations (12.11, 12.12a, 12.12), were applicable for his projected hypotheses,
their use should enable a theoretical  determination not only of the tracheids in softwoods,
but also of the  fibre (but not vessel) cavity diameters, and of fibre wall thickness, in
hardwoods. They should demonstrate if the  fibre lumen, and wall, dimensions may be a
function of wood specific gravity. If confirmed, that would imply, or indicate, relationships
of lower moisture contents, especially FSP, to wood specific gravity, are related primarily
to fibre wall thickness and composition.
12.4.4.i.iii.i.a. Theoretical diameters of fibre cavities and walls as functions of wood
specific gravity. The above hypothesis was tested for two values of specific gravities of 0.44
and 0.50 (typifying species groups 1, 2A, Table 53). Fibres (Table 13), with a mean diameter
of 25.19 microns, occupy 48.9%,  rays are 13%, and vessels 36%, of the total volume.
The mass of the specimen is primarily concentrated in the volume (and mass) of the
fibres. Excluding extractives,  then as a first order approximation,  (compare formulae by
Siau, 1984 [square model adopted], Kollmann and Cotes, 1968),  the volume “v” occupied
by wood substance in the fibre volume may be calculated as;
v = specimen specific gravity / 1.53       (12.15)
The value of 1.53 was used as the specific gravity was based on swollen volume.
Hence, for the two specific gravities of 0.44 and 0.50 respectively;
V0.44 = 28.8% of total volume
v0.50 = 32.7% of total volume
The corresponding air spaces (lumen volumes) are:
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a10.44 =  20.1%
a10.50 =  16.2%
When equation (12.10) is applied, and a specific gravity of 1.46 (determined with
helium) for wood substance is used, “Af” includes both the vessel and ray cavities. Then by
difference:
a10.44  = 21%
a10.50  = 17%
i.e. there is good agreement between both calculations.
For these two specific gravities, the ratio of fibre lumen diameter to total diameter is
approximately equal to the square root of the lumen volume ratio to total fibre volume
(compare Siau [1984, p.30] and Kollmann and Cote [1968, p. 233]).
Hence, using mean fibre diameter of 25.19 microns (Table 13), a value of 17 microns
is given for the lower density fibre lumen cavity, and 14 microns for the higher density
lumen cavity, with double wall thicknesses of 16 and 20 respectively, that is double wall
thickness increases with density, but lumen diameter decreases. The mean lumen diameter
of 15 microns is the same order as that cited by Hillis (1972), whose published data indicates
eucalypt fibres have a diameter of only about 16 microns and a total wall/lumen ratio of
about 1.0. This relationship confirms the correctness of the earlier assumptions (Section
12.4.3.i) relating the fibre lumen diameter to density.
To confirm  the validity of these conclusions, softwood data was tested using  a
percentage tracheid volume of 92.5% (Table 13), and a mean tracheid diameter of 36.47
microns. For a sg.  value of 0.44, the calculated values were a tracheid lumen diameter of
31.7 microns, and mean double tracheid wall thickness of 9.54 microns. The results are in
reasonable agreement with Stamm’s (1964, p. 388) results. That author, based on micro-
scopic counts of tracheids, derives values (for a sg. of 0.4) of 33 microns, and 7.1, microns
respectively. Further, Stamm  suggests his formula (1964, pp. 237-238) and method are not
applicable to hardwoods. The writer agrees with Stamm’s reservations, due to the relatively
large ratio of vessel lumen to wall thickness, and as the mass is concentrated in the fibre
lumen wall. Siau (1984, p.30), describes relationships to determine “porosity”, and cell wall
thickness of a softwood. For a polar liquid, if;
“V” = volume of wood.
FVL = fraction filled with liquid.
va = porosity of the wood (Siau, eqn [1.22].
sgL  = specific gravity of liquid.
wL = mass of liquid uptake.
a, b =  respective diameters of lumina and cells.
va =  [a
2] / [b2]
0.667 = specific volume of wood substance (sg. = 1.5)
Then, if vL a”,  the formula
(Siau, eqn [1.23]) may be expressed as;
FVL / vL = b
2 / V. a2    (12.16a)
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If FVL = 1, then;-
V/vL = (b/a)
2         (12.16b)
authors note; compare derivations 12.4.4.i.iii.i.a above.
12.4.4.i.iii.i.a.i. In developing concepts discussed in Sections 12.5.1-4, and based on
treatability groups (Section 12.3), the writer considered that if the number, and the mean
vessel lumen diameters, are determined, the    corresponding “total vessel volume” (or
“vessel lumen voids”) may be calculated as a percentage of total void volume. Variations
due to species, or growth, or source effects (Chapter 3) should appear in that measurement.
The writer subdivided total void volume, “V.V.”, as;
V.V. = C.V. + W.V.            (12.17a)
where C.V. = cell lumen voids.
W.V. = cell wall voids.
author’s note; this separation is supported by discussion (Siau, 1984, p.29) on
“microvoids” in cell walls.
For softwoods;
C.V. = total (mainly tracheil) lumen volumes. (12.17b)
For hardwoods, as distinct to softwoods, these become;
C.V. =  VLV + FLV                        (12.17c)
where VLV =  Vessel lumen Voids.
FLV =  Fibre lumen Voids.
As “V.V.”, “W.V”, and “FLV”, are functions of density, then “Vessel Volume” is
associated with density.
12.4.4.i.iii.i.b. As determined above, fibres are about 60% of the diameter of tracheids
(compare Table 13), and though controlling “orifices” are pit (or wall) openings, drying
rates of fibres [equations (12.8), (12.12)], would appear to be about 3% - 4% of that for the
tracheids, and [equation (12.9)] would require a much higher pressure for equal flow.
12.4.4.i.iii.i.c. Mean diameter of vessels is about 110 microns (Table 13) and a ratio
Hence, for similar pressures, by equations (12.9), (12.12), the drying rate from vessels
is at least 30 to 40 decades faster than that of fibres. This is accentuated by the multiple flow
paths available for moisture to access, or to exit from, vessels as compared to fibres.
Hydrostatic pressure is a factor in flow through the vessel cavities. This result (cf. Section
12.5.1) is in agreement with the evidence (Zimmerman and Brown, 1971) discussing flow
through vessels in trees.
12.4.4.i.iii.i.d. The significance of Poisseuille’s law (equation 12.9) in flow through
vessels, perforation plates, fibres and pits. The “Minimum Resistance” theory  for flow
between two ducts, dependent on their respective radii.
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In comparing flow, Poisseuille’s law relates liquid viscosity, volume rate of flow “(Q/
t)” of a liquid, and importantly the ratio of the duct length to the radius of the duct, or
“orifice”. For this discussion, the term “duct” has the general definition of an internal flow
diameter, thus including vessels, fibres, and pits. It is permeable to the fluid (refer specific
definitions of the “permeability” and “penetrability” [Chapter 8]). Thus, a duct, or an
orifice, may be permeable to a solvent, but it may be impenetrable by the dissolved solute,
and the situation can exist where separation of solvent and solute may occur.
That equation also states that, where a liquid, under an applied pressure “P”, may flow
through two ducts of different radii and length, the flow is through the duct of minimum
resistance. In explanation, this writer uses an electrical analogue, namely that, in a series/
parallel circuit, the  current flows along the lowest resistance.
When examined in terms of the relative dimensions of a vessel (and perforation plate
“orifice”) relative to those of a “fibre lumen”, or pit opening, the flow will be selectively
through the vessel system. Particularly is this so, when a possible air bubble/ liquid interface
forms in  the other tissue orifices. Poiseuille’s equation suggests, for typical vessel / pit
diameters (Table 13), and effective orifices (Siau, 1984) of 30nm, the flow ratio will be of
the order of [x 103]. A like ratio is given by respective (r4/l) data.
12.4.4.i.iii.i.e. Anomaly of Effective Pressure in terms of penetration for impregnation
of timbers.
Siau (1972) examines  relations of sample penetration and permeability (compare
Graph 10, Chapter 10, discussion Chapter 14), and cites a relation with penetration in terms
of fractional void space filled as  a square root of applied pressure, time, and viscosity. He
cites Hawley (1931 s.n.a) in support of this relationship.
However, Kollmann and Cote (1968), in discussing that earlier work (Hawley), show
clearly that the time to reach equilibrium for each duct does not contain a “pressure” term
(cf. Chapter 13, re equilibrium times). The latter authors had (p. 239) introduced a pressure
term. This, based on Poisseuille’s equation, derived relations of;
a  = function of (P), and;
y  = function of (P1/2).
where “a” = the time to fill the first cell.
“y” = depth of penetration.
That reference (p. 239) discusses results by Maclean relating the depth “y” as a
function of  fluid viscosity, but it excludes application to water borne preservatives.
12.4.4.i.iv. Influence of the sample dimensions on timber permeability, and penetra-
bility, in relation especially to preservation.
Short, or thin, sections are used for impregnation for entomological, pathological, or
chemical research. Unless specified (see below), this difference of gradient, dependent on
dimensions, frequently causes anomalies in correlation of research, experimental pilot
plant, and commercial plant data. For many research projects, there is a requirement to
isolate the specimen from the maximum number of variables. In many instances, this leads
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i. Studies (Ellwood, 1958) on water flow through a single vessel in eucalypts to
correlate structure (vessel diameter) with flow rates, under pressures approaching atmos-
pheric, as predicted by Poisseuille’s equation.
ii. Penetration  rates (Siau, 1972) were tested for a number of species, using different
short lengths, with experimentally determined air permeabilities, and with oils with
differing viscosities. The criterion was the percentage of void volume filled.
iii. In an allied field, moisture content determinations are made using short specimens
(about 12mm long). It is also common practice to determine the saturation moisture content,
void volumes, and basic density, on small specimens.
In preservation, the needs are to determine the effective pathways for penetration on
macrosize material. For this purpose, translation of results on short sample material (unless
end-sealed) does not represent that macrosize situation. Over a very large range of studies,
and species, the author has demonstrated that, where very short, un-sealed, specimens, eg.
3-5cm in length, have been experimentally treated, gradient effects on the distribution are
minimal. Penetration is principally longitudinal, or “end-grain”, and there is a negligible
resistance to flow. Particularly for hardwoods, there is a penetration of cut surface fibres and
this affects the nominal preservative uptake. This “masking” of gradient, and “end-grain”,
effects was noted in specimen  lengths  up to, and in excess of, 20cm, and was species
dependent.
Similarly, disparate results emerge when the surface to thickness ratio (eg. thin
veneers) is very high, and in which penetration through exposed surface fibres can be a large
component of total retention. However, this writer has utilised these apparent adverse
conditions for specific purposes, including industrial applications. Examples are;
i. Short length samples, however, are used to examine resistance to flow due to vessel
blockage, and (Cokley, 1970) the writer recommended a vacuum suction/cell for study of
Zambian species. They were used to test whether specimens were sapwood or heartwood
(Chapter 8), or if there was a low porosity present.
ii. In Momentary Dip  treatment of veneers (Appendix 14, Chapter 8), where there is
a high surface to thickness ratio of veneer accessible to the treatment solution, the writer
significantly increased preservative penetration.
iii. For research into development (Chapter 11) of a turmeric reagent for quantitative
assessment of boron salts in treated timber, having developed the initial relation by
impregnated filter paper, the author required small, short, uniformly treated wood speci-
mens, inter alia, to test the influence of wood colour and texture. For this,  as softwoods did
not give an adequate range of colour or texture,  it was necessary to extend to use of
hardwoods and reduce the difference in uptake between the  tissues. This was done by
impregnation of short, thin, sections approximately 5cm long, 25mm wide, under 3mm
thick. The “end-grain”, and “surface fibre “, penetration effects ensured uniform concen-
trations within the limits imposed by standard analytical methods. After treatment,
specimens were air dried, and dressed only on the surface prior to their reaction with
turmeric reagent. Chemical analyses were made of all test specimens.
12.4.4.i.v. Calculation of moisture content at which air space is equal to, or exceeds,
average vessel volume.
Data (Appendix 16) (for calculation, cf. Section 12.5.4) was determined for “average
vessel volume” for a range of Australian species. A mean vessel percentage volume was
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determined as 24% for a mean density of 729 kg/m3, giving a basic specific gravity of 0.602
(compare mean value (a.d.) of 789 kg/ m3, and  basic density (as specific gravity) of 0.631,
cited in Section 12.3.i.ii). Sapwood values are lower, and of the order of 0.8 of heartwood
densities. Calculations, using equation (12.3), based on mean data, showed an air space
equal to, or above, mean vessel volume, occurs at about 40% mc. At a specific gravity of
0.44 (group 1 species), this moisture  increases to about 60% mc, which is in agreement with
results found by the writer. These values are above FSP, and agree (cf.  “Stable Green” and
“Commercial Maximum  Moisture” concepts) with values quoted in Appendix 31.
12.4.4.i.vi. Overall Conclusions.
i. under the assumed conditions of negligible moisture gradient, or of “end-effects” on
the specimen, when angiosperms commence to dry from the Saturation Moisture Content,
final progressive  free moisture loss from the  fibres may not effectively occur until the
ii. Thus, the writer suggests hardwood vessel cavities are preferentially empty at
moisture content levels substantially different to softwoods. Those levels may exceed the
generally assumed values of FSP.
iii. Very importantly, the author suggests the values of FSP are a function of wood
specific gravity. As shown, total fibre volumes (Section 12.4.4.i.iii.i.a) increase with
specific gravity, but the fibre lumen diameter decreases. Consequently the mass of fibre
wall increases. As fibre walls are saturated at FSP, this suggests the mass of water to saturate
the fibre walls (FSP) would also be a function of specific gravity. The wall structure and
degree of lignification may be factors for especially heartwood zones.
12.4.4.i.vii. Influence of wood structure on distribution and possible fixation of CCA
preservatives.
Whilst the topics of fixation and service are examined in Chapter 15, there are
correlations between structure and the “fixation” of especially multisalt CCA preserva-
tives. The term “fixation” is defined in this context as resistance,  measured by the residual
value, of a salt, ionic species, or element, to leaching under nominated extraction condi-
tions.
Hence, in Chapter 15, that definition is further examined in terms of service conditions
of exposure.
Intrinsic in fixation is seasoning time after treatment. For local species and conditions,
the writer established an average minimum “seasoning” time of 6 weeks under a typical
ambient climatic temperature/humidity schedule. Increase of temperature above ambient,
eg. kiln drying, decreased that period. The time was related to a moisture reduction in the
treated tissues. Research, and service data, examined in Chapter 15, did emphasise a
difference between fixation in softwoods relative to hardwoods. Considered from the effect
of distribution, variability and component ratio on availability, the significance of data
outlined rests in the deductions (using data based on Table 13, Chapter 8, Graph 44) that;
(i) for both softwoods and hardwoods the impregnated solution occupies the pen-
etrated cell cavities.
(ii) for CCAs, there is reaction in the solution phase with reducing compounds present
in the cell cavity or associated with, or on, the cell walls to produce “fixed” or “insoluble”
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products. When incrustations are present, reaction with cell wall constituents is retarded,
and it appears that, for other than cell wall constituents, these reducing compounds must be
soluble. It is important to include cell inorganic contents, such as calcium and magnesium
salts (cf. Sections 8.xii.iiia, b, Tables 21, 22, Chapter 8) which can react to form insoluble
compounds with the CCA components.
Extractants, or reductants, must necessarily be available only under conditions
equivalent to the sites of impregnation. Liese (1958), as a visiting scientist to CSIRO,
agreed with the writer’s theory that the variable concentration, and distribution, of reducing
compounds in timber species could result in variable fixation especially in hardwood
timbers. These should be water soluble  or accessible. Physical and chemical properties of
extracted material are dependent on solvent, or technique, for removal of the reductant/
extractive from wood tissue for laboratory research on reduction, with significant effects
on results in this field.
(iii) The pH of sapwood in hardwood is generally about pH 4-6+, at which level CCA
components are precipitated. The writer found no evidence to suggest pH of  vessel lumina
varied significantly from the above values. The evidence strongly suggests the pH effect in
wood is associated primarily with extractives, and the cell walls.
However, especially during initial penetration of the CCA solution, and post-treat-
ment seasoning, the effect is minimal. If it were of major effect, as indicated when studies
are made using wood flour as the test medium, rapid precipitation of the CCA salts would
occur and cause “blockage”. Insolubilisation of components would be significantly higher
than found. This low influence is caused by the relatively high aqueous concentration of
CCA salts, the acidity of the solution (Kaufmann et al., 1940) and hence the very small
change in effective pH of the CCA solution during impregnation. This has been tested by
measurement of changes in pH of solutions which contain extractives.
(iv) there is reaction with, and penetration to, active sites on, or in, the cell wall
matrices. This varies with components and is generally not applicable with nonpolar oils.
It is important when aqueous solutions of sodium salts of weak acids such as sodium
pentachlorophenate are used (cf. “Reactivity”, Section 8.xii, Chapter 8).
(v) as the timber dries after treatment, there is continued concentration of the
impregnated CCA solution until the solubility products of the component solutes are
exceeded. Complex “crystallisation”, or “deposition” occurs. Concentration of the solution
is also influenced by diffusion of the water phase through the cell walls. The author’s
evidence is that, for maximum fixation, reduction in moisture content, preferably to below
FSP in the treated zone,  is necessary and, for average local conditions, about 6 weeks is
necessary. Softwoods reach maximum fixation at a slightly faster rate. There is an
association of section thickness to surface area in this drying rate.
The limiting position may be described as reacted products in, or on, the cell walls
(variable with component), and a solid deposit, or “plug”, in the cell cavity. This deposit
is a complex mixture of reactant products, i.e. “bound” or “fixed” compounds, as well as
of  products resulting from reduction, or precipitation, and of “crystallised or deposited”
products from the solution. At theoretical saturation, the “deposited, or crystallised, plugs”
may follow contours, and dimensions, of cell cavities , but, below that, is equivalent to a
heavy coating on the lumen wall surface.
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The author suggests the relative ratio of these groups is, in fact, the “degree of
fixation”. Plates 3a, 3b, 3c  illustrate the loss of the “plug” from the vessel lumen during
service leaching and relativity of salts to radial pits, but show no evidence of fibre
penetration based on residual salts.
It is in these types of, the characteristics of, and the concentrations of, the penetrants/
reactants/sites in cell cavities that the major differences occur between gymnosperms and
angiosperms relative especially to CCA distribution and fixation.
A.Gymnosperms.
Penetration occurs in all accessible tracheids. Pit aspiration is a dominant factor.
Tracheids represent about 95% of the total volume of the wood matrix and hence both
reductants and active sites are applicable for about 95% of the total volume. Compared to
hardwood vessel dimensions, the tracheid diameters are small, the diameter to length ratio
much lower. Though relative to hardwood vessels, the ratio of tracheid wall thickness to
lumen diameter is higher, there also appeared to be more direct accessibility (and reaction)
by penetrating fluids with the cellulose in tracheid cell walls.
B. Angiosperms.
There was no significant penetration of preservatives detected in hardwood fibre
lumina. If, as a first order approximation, the relatively low percentage of solution volume
which is impregnated into ray cells and vertical parenchyma is neglected,  all preservative
solution is deposited in the vessel lumina and on vessel walls. These latter may bear
incrustations. There is no penetration of the active constituents past several layers of the
vessel wall although the water, or solvent, phase may penetrate.  Thus only about 36% of
the total wood (Table 13) volume is occupied and there is, hence, a large reduction in active
cell wall sites available. These, and reductants (generally organic),  as well as inorganic
precipitants, are limited to those associated with, or available (eg. by diffusion) to, the vessel
cavities and walls. Using structural data as above, and (sapwood) retentions for softwoods
(24.29kg/m3, Section 12.4.2.i) and hardwoods (16.19kg/m3, Table 39a, Appendix 18) the
author has calculated (Table 66, Appendix 30B) relative distribution of and concentration
of salt per unit of cell occupied for both gymnosperms and angiosperms.
In normal seasoning treatment (Chapter 7) to below FSP, especially for angiosperm
species, the writer has shown  the free water in the liquid phase in the penetrated cell cavity
becomes either absent, or at a minimum. Hence any soluble reductants, or precipitant
extractives, are primarily deposited on, or in, the cell walls. Thus, for other than ray cells,
effective extractant deposition in hardwoods is principally associated with vessel walls.
Some extractives may be present in treatment solutions.
Consequently the critical influences of precipitation, reduction, or reaction, are
associated with the relative ratio of cell wall/salt and salt/unit volume of cell. Whilst the
preservative is in the aqueous phase, precipitation, through the body of the solution in the
cell cavity, is a function of the radius of the cell and the mobility with which the extractives
can migrate, or diffuse, through the solution. There is a decrease in their concentration
through any cell voids for optimum reaction, and this decrease is a function of the cell radius
and rate of reaction. These ratios of salt/unit volume are quantified by values (lines 10, 11)
cited in Table 66. On a macroscale they are quantified by the “Specific Vessel Void Volume,
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SVV” and “Specific Vessel Void Concentration, “Sc” (Section 12.5.4).
The differences between gymnosperms and angiosperms also quantified by data in
Table 66 are;
(a) radius of penetrated cell cavity in the former is only about 20% of the latter, but cell
length is about sevenfold. Hence there is faster movement of solutes through the solution
to cell walls.
(b) there is (line 12), for approximately 50% higher preservative retention (line 1),
about 13%  more cell wall area / unit of salt weight for softwoods and hence the ratio of
active sites per unit of CCA salt is correspondingly greater than for hardwoods.
(c) as the ratio of salt / unit cell volume in the former is only (line 13) about 40% of
that in hardwoods, then, typically, it appears that fixation in hardwoods may fall to about
60% of that in softwoods due to the much larger ratio of “crystallised” salts deposited on
drying. This value will vary between species and is also dependent on reductant concentra-
tion.
This hypothesis was tested by the writer  and,  for  similar conditions, residual values
for softwoods are of the order of 90% plus, but fixation in hardwoods is about the predicted
value. Typical data for hardwoods are subsequently discussed (Chapter 15).
For E. maculata, there is a leaching ratio which ranges from 40% to 60% residual salt
(or component) and is dependent on source (Anon, 1968), (Rose, 1973). There are
differences in leaching ratios  of individual components of CCA salts.
The research conducted, and reasons by the author (Chapter 15, Appendices 44, 45)
for nomination of a leach method, standardised in this research, is typified by the evaluation
of residual CCA salts based on specimens taken from eucalypt poles (Table 67, Appendix
30B) after field service for about 6 years. During service, there were three years of above
average rainfall including severe flood conditions. Plugs from these poles, were ground (40-
60 mesh), mixed and quartered. Ground samples  were then separately Soxhlet extracted up
to 75 hours at 60 +/- 5o C (measured in the Soxhlet unit, as compared to boiling point in the
extracting water flask).  After the extraction, the triplicate, separate, samples were washed
free of residual extractant liquid, air dried, and analysed (triplicate), for each component,
with matching control samples similarly analysed for each component.
12.5. Concepts, including moisture contents (Cokley and Ryley, 1968), and quantita-
tive assessments (Cokley, 1979) for vessel void volumes, and preservative concentration
distributions in timber, with emphasis on angiosperms.
12.5.1. The Standing Tree Moisture Content.
This state of timber moisture has not been previously discussed by workers as being
applicable in the fields of forest products and has been typically included in the indetermi-
nate “green zone” (Chapter 7), nor has it been  examined in seasoning or preservation
applications. It has been investigated by a number of workers in plant physiology
(Kozlowski, 1971) and plant growth. There was evidence (Zimmerman and Brown, 1971)
that water flow in the standing tree follows similar laws, and pathways, which are found
important in timber product seasoning and preservation practices. In terms of utilisation and
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preservation of timbers, the significance of the “Standing Tree Moisture Content” rests in;
a. Values (Chapter 3) are a function of growth, climate, and species; sapwood is
typically higher than heartwood.
b. For any species, or stem, the values may not be (and are generally lower than)
equivalent to the conventional “Saturation Moisture” (Chapter 7 and Section 12.4.3.ii)
content values as determined on representative specimens.
c. Most importantly, the value immediately after felling is that maximum moisture
content from which drying, either in log, or product (eg. sawn boards), commences. For this
purpose, it is shown (Appendix 31) as “Initial” moisture content. This value, approximately
equivalent to the “Standing Tree Moisture Content” at felling, was variable with species and
source, particularly for low density  rainforest timbers and corresponding changes occurred
in drying rates, which were dependent on species and “transition wood” (Chapter 8).
Reynolds (1966), in discussing internal water balance in trees, analyses earlier data (Craib,
s.n.a.) on moisture distribution. He also stresses the values are dependent on seasonal
changes and soil/moisture. That author associates what this writer terms the “Standing Tree
Moisture” with possible economics in timber transport and utilisation.
12.5.2. The Concept of  “Stable Green” Moisture Content.
After a tree is fallen, there is physical drainage of water in the liquid phase, particularly
from the ends of hardwood vessels. Reynolds (1966) describes this occurs in discussion (see
above) of Craib’s data. This drainage is accompanied by a gravitational loss, including from
the ray cells. For average climates,  the drying rate is very high for 1 to 2 weeks, remains
relatively rapid for 4 to 5 weeks, and then the slope of the curve, which is approximately
hyperbolic, decreases. Sapwood (and heartwood) drying, dependent on climatic condi-
tions, is then very slow for up to 4-5 months until it approaches FSP, and finally EMC
(Chapter 7). Sawing of the log accelerates the drying rate.
The “Stable Green Moisture Content” has been defined by the writer (Cokley and
Smith, 1965b, Cokley and Ryley, 1968) as;
“when moisture content is plotted as the vertical axis, and time as the horizontal axis,
it is that point in the moisture content/time period curve at which the slope flattens out
relative to the time axis”.
The author suggests that, similar to a standing tree (Kozlowski, 1971, Zimmerman and
Brown, 1971), and thus, from “Standing Tree Moisture Content” to the “Stable Green
Moisture Content”, hydrostatic pressure forces free water preferentially through, and from,
the vessels. Those latter workers quote studies relating water flow through vessels as
obeying Poisseuille’s equation. They compare the relatively unimpeded flow through vines
to flow for such as Quercus spp.
It is suggested “Stable Green Moisture Content” is that point at which hydrostatic
pressure comes to equilibrium with atmospheric pressure within, particularly, the vessel
cavities. At this point, free moisture may be still present in vessels, but is at a minimum, is
shown (Chapter 8) to permit diffusion and capillary flow, and is in equilibrium with the air
/water vapour atmosphere. Free moisture is considered to be present in the fibres. The value
of this point is given (approximately) by the intersection of the two tangents to the drying
curve described above.
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This concept is in agreement with theoretical deductions (Sections 12.4.4.i.iii.i.a-d,
12.4.4.i.v, 12.4.4.i.vi) in analysis of flow and moisture content as functions of the orifice
diameters, and density, in hardwood timbers. From a commercial and technical aspect, the
“Stable Green Moisture Content” value is highly significant in that:
(ii) shrinkage of the specimen has not commenced.
(iii) the number of blocked pits is at a minimum.
(iv) the wettability of the section and wood elements by aqueous solutions is at an
optimum condition.
(v) the treatment receptivity in terms of void volume in the vessels approaches a
maximum.
(vi) the Specific Heat of the board is high, and the Heat Conductivity Coefficient is also
high.
The writer found that the Stable Green Moisture Content appeared (Appendix 31) to
fall within reasonably close limits for a species. The actual values are related to origin
(source, climate, and growth conditions), depth of sapwood, permeability, and density (or
specific gravity).
12.5.3. The “Commercial Maximum Green” Moisture Content.
Based on extensive research and commercial studies, this is  the maximum moisture
content present in the sapwood (Appendix 31) at which preservation is effective. Thus it is
dependent on preservative type, the retention required and hence product suitability for
service hazard. It is applicable after normal falling, storage and sawing, or fabrication for
poles, operations.
In practice, relationships between the “Stable Green”, “Commercial Green” moisture
contents, and treatability, were examined relative to preservative type, and required
retention of dry active salt, for each area, species, and treatment plant.
12.5.3.i  Application to Softwoods.
A similar position applies to softwoods. With particular emphasis on plantation
material, there is a variable distribution along, and across, the stem. Generally (Chapter 8),
it follows (Jerym et al., 1961) a typical conical distribution, broadly correlated with height,
age and radial distance from the vertical central axis of the stem. There are corresponding
variabilities in seasoning and preservative treatment.
12.5.4. The Concepts of “Specific Vessel Void Volume” and “Specific Vessel Void
Concentration” in angiosperms.
12.5.4.i. The distributions of wood density, vessel size and frequency, (Chapters 3, 8,
Section 12.3) collectively described by the writer as “macro-structural” properties,  are
variable within, and between, species. In development of treatment classifications, the
writer (Sections 12.2, 12.3) found statistically reliable relations between vessel size,
frequency (jointly defined as porosity) and density, which influenced treatability (Graphs
38, 39, 40). As a component (Section 12.4.4.i.iii.i.a.i) of total void volume, “vessel void
volume” is shown to be associated with density. In that research, it was also confirmed the
preservatives were limited to vessel lumina, to radial and vertical parenchyma tissues and
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vessel (Appendix 30B) dimensions were factors in the fixation and leaching (Section
12.4.4.i.vii) of a CCA preservative.
Density variations are examined (Appendix 27), and needs for flexibility in treatment
are described (Section 12.3.iii.ii). When using published  mean pore diameter values,
typical standard deviations of 15% were found. In some species, standard deviations ranged
up to 30%  (supported by Bamber and Erskine, 1965), and these ranges in the standard
deviation appeared to be associated with changes in the pore frequency.
12.5.4.ii. Further research was undertaken to measure, and to express, those changes,
and resultant effects on a preservative retention. As (Sections 12.2, 12.3) porosity is
interactive with density, the proposed concepts should be associated in these values with
density. In turn, any correlation of variation should include that property,  and  exclude
anomalies caused by inclusion, for hardwood timbers, of fibre volume components in
published formulae which relate to total void volume.
For this research to be valid, it was first necessary to demonstrate statistically
acceptable relationships were present between the change in vessel [pore] diameters and
frequency per unit area of wood section (T.S.), jointly defined as porosity. For this, the
writer tested the relationships, expressed by minimum, maximum, and mean values, of both
size (diameter) and count for vessels.
12.5.4.ii.i. Confirmation of relationships between pore diameter, and frequency / unit
area.
To confirm the relationships were not fortuitous, and after discussion with Branch
Wood Structure specialists, the author (with actual measurements as required) examined
external published data (Dadswell et al, 1932, 1934, 1935) (Swain, 1927), and compared
local reference material. Relations cited (Sections 12.2, 12.3) in Graphs 39, 40, and Table
55, indicate the comparisons of that data. Density data were based on references, eg. Watson
(1947, 1951), Dadswell et al (1934, 1935), Greenhill and Dadswell (1940), Cause et al.
(1974), Bolza and Kloot (1963). Appendix 16 shows an early selection of data.
Though evidence was available (Sections 12.1 - 12.3) of relationships between
variations in the vessel size, and count, the relationships have not been evaluated by other
workers for these purposes.
Similarly, interrelationships of  porosity with density (or specific volume), as enun-
ciated in concepts described below, have not been previously reported in literature.
12.5.4.ii.ii. Statistical Correlations.
Due to the wide distribution of species and sources, the writer examined vessel, and
frequency, data for 27 randomly selected  eucalypt spp., and for 18 random non- eucalypt
spp., and  total  relationships for both groups.  For each group, and for the combined total
of 45 species, statistical correlations were made. Direct correlations (refer Graphs 46, 47)
were nonlinear.
For each  group, and the total (Graphs 48, 49, 50), there were linear transformations
between the square root of the maximum, minimum, and average, pore diameter to
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equivalent minimum, maximum, and average count, expressed on a 20 sq.mm basis. Results
were;
i. eucalypt spp., n = 27
(a) d(max)1/2  = 20.0906  - 0.022  N(min) (12.18a)
r = 0.7997 ***
(b) d(min)1/2  = 16.1706  - 0.0089 N(max) (12.18b)
r = 0.6866 ***
(c) d(av)1/2   = 18.6032 - 0.015 N(av) (12.18c)
r = 0.7757 ***
ii. non - eucalypt spp., n = 18
(d) d(max)1/2  = 16.8746 - 0.0141 N(min) (12.19a)
r = 0.7826 ***
(e) d(min)1/2  = 14.3932 - 0.0075 N(max) (12.19b)
r = 0.8244 ***
(f) d(av)1/2   = 15.4678 - 0.0095 N(av) (12.19c)
r = 0.7911 ***
iii. combined species groups, n = 45
(g) d(max)1/2  = 18.5631 - 0.0171 N(min) (12.20a)
r = 0. 6988 ***
(h) d(min)1/2  = 15.3345 - 0.0078 N(max) (12.20b)
r = 0.6915 ***
(i) d(av)1/2   = 16.9138 - 0.0111 N(av) (12.20c)
r = 0.6836 ***
where the bracket term refers to maximum, minimum, and average respectively for
both diameter and count. In view of the importance of these relationships, the writer
confirmed the significance values by an “F” test.
The results confirmed validity of use of that data, but, though the relationships were
significant, values of “r2” show that only 50% to 65% of the relationships between diameters
and counts are explained by the equations. The writer suggests the density and, particularly,
the growth conditions are interactive with porosity.
12.5.4.iii. Development of the “ Specific Vessel Void Volume” and the “Specific
Vessel Void Concentration” as quantitative concepts for application in preservation of
hardwoods.
His quest for an objective, measurable, facility to correlate these “macrostructural/
density” variables, led the writer to develop two alternative  related concepts  and methods,
both for the determination of “treatable void volumes”, and in calculation of the “preserva-
tive uptake”. As his research, and applications, expanded and were tested over a range of
situations, both concepts were found to be fundamentally significant. When they were
correlated to chemical analysis, they were found to agree between +/- 2% to 5%. They
represented porosity and density relations to a very high level, so  enabling the writer to
study, to clarify, to quantify, physicochemical (Chapter 8), and source, effects (Chapter 3)
on a preservative treatment.
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12.5.4.iii.i Prior to the definitions of these concepts, three aspects are discussed to
enable the reader to understand reasons for use, and significance, of the term “Specific” in
those definitions. They are;
12.5.4.iii.i.i. The “Specific Volume” of a substance is the inverse of density, or (cgs
units) specific gravity, and is equal to “ 1/D” or “1/sg.”. In view of wide ranges of densities
in hardwood timbers, the “specific volume” term became a useful tool.
Thus, void volume, [equation (12.3)] may be written as;
Mf = V.V. = 100 [ 1/sgsp - 1/1.53]      (12.21)
or
V.V. = 100 (S.V.sp - s.v.ws]      (12.21a)
and       V.V. = 100 x S.V.sp - constant    (12.21b)
where sgsp = specimen specific gravity (or density).
S.V.sp = specific volume of specimen.
s.v.ws = specific volume of wood substance.
constant = 100 x s.v.ws.
12.5.4.iii.i.ii. The primary purpose of preservation is to inhibit a degradation (Chapters
2, 9, 15) of wood by  insects, animals, fire, or  microorganisms. Principally for the last,
preservative distribution mainly only in  hardwood vessels means that a significant
percentage of “total treated volume” is unprotected (Rudman [1965] recognised the
relationship), and the degree of this non-protection is a function of the “macro-structure”
of a species. As vessel volume in the different species is, in turn, a function of density, the
degree of non-protection can be related to the two vessel void concepts under discussion.
In commercial treatments, solution (or oil) absorption is calculated on uptake of a measured
volume per unit volume (sapwood), hence mass, of timber treated.
12.5.4.iii.i.iii.  The data cited (Sections 12.2, 12.3), showed for each species group,
treatment conditions prescibed in “schedules”, and for aqueous solutions, the results were
statistically predictable and  effective. Each treatment plant was a separate statistical “cell”
for quality control (Graphs 13-17, Chapter 10).
12.5.4.iv.a.  The “Specific Vessel Void Volume”.
This is denoted by a term “ SVV”, and, with a short title of “Vessel Void Volume”, is
defined as;
“Total vessel cavity volume per unit of 1 mm of length, per unit of cross-section (mm2),
per unit of species (specimen) density (expressed in cgs units, and thus equal to specific
gravity). The function “(1/D)” is the “Specific Volume” of the species (specimen) for a
density, “D”, at a nominated moisture content (air dry, 12% mc, unless otherwise
stipulated)”. The value is;
SVV = ( [P . A] / D )                    (12.22)
where  A = mean cross-sectional vessel area (mm2) based on the equivalent mean
circular vessel diameter, “d”.
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d = mean circular diameter (mm), based on an average of the major and minor axes
of the vessel cross-section.
P = mean vessel (pore) count per mm2 of a specimen cross-section.
D = wood density expressed as (mg/mm3).
Equation (12.22) may be quantified as;
SVV = { (pi) . P. d2 } / 4D        (12.22a)
where pi = 3.1416
To facilitate direct use of published data, the above is expressed as;
SVV = [(Pc x dc
2) x 0.039] / D     (12.22b)
where;
Pc  = pore count /20 mm
2
dc  = mean published (or measured) diam.
D   = density  (mg/mm3)
The term “SVV” may be expressed in decimal form (used for calculation of “Sc”
[below]), or as a percentage of wood volume.
It is considered as a measurement of change in physical “macro” characteristics of
timber,  and is (Chapters 3, 8) normally associated with change of source, or growth
conditions, of species. It can be approximately estimated in the field, which was important
in the writer’s work.
12.5.4.iv.b. The “Specific Vessel Void Concentration”.
This is a derivative term developed by the writer, is  based on the “SVV”, is cited as
“Sc”, and has the short title of “Specific Vessel (or Void) Concentration”. Its  value may be
described as a quantified measurement of an uptake relative to calculated values based on
“SVV”.
It is defined as “absorption in mass, or volume (of known specific gravity), of
impregnated preservative liquid per unit of the Specific Vessel Void Volume”.
It is expressed as a decimal value, a ratio, or as a percentage of the saturation value.
As for “SVV”, it could be approximately determined in the field.
For total saturation, the value of “Sc” is equal to “SVV” multiplied by the specific
gravity, “sg.l”, of the liquid  absorbed. “Sc” is also used to calculate a nett dry salt retention
from the uptake of preservative solutions. The equivalent dry salt from a treatment is most
readily calculated from a measured solution concentration.
The “Specific Vessel Void Concentration” is;
Sc = (absorbed mass) / (SVV x sg.l)           (12.23)
where (absorbed mass) = absorbed volume x specific gravity of impregnated liquid.
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As  sg.l  = specific gravity of absorbed liquid.
Sc % = ([absorbed volume / SVV]  x 100)  (12.23a)
where the absorbed mass (typically applied to, but not restricted to, preservative
solutions, or liquids) is cited (cgs units) as milligrams per cubic millimetre.
When used as a measure of fluid weight absorption, water at a specific gravity value
of 1.000 is assumed. For other solvents, or liquids (oils), the relevant specific gravity, “sg.l”,
is used in calculation as appropriate. When “Sc” is expressed in decimal form, then, for
aqueous solutions for which specific gravities approach that of water (1.000), its value
should not exceed unity. If a value in excess of unity is obtained, fibre penetration would
occur.
“Sc” is thus an expression of;
i. efficiency of a process or preservative in treatment.
ii. measurement of variability of a treatment due to source, or physiochemical, factors.
iii. definition of differences between general void volume formulae results for
angiosperms, and volumes relative to preservative and water uptake in timbers.
The parameter “Sc
Penetrability, Index” for treatability.
12.5.4.iv.c. Determination of “SVV”.
The “SVV” volume measurement includes;
(i) vessel porosity, based on the measured (or published) values of size and count.
(ii) due to difficulty in their quantitative assessment, the parenchymateous (particu-
larly radial)  tissues were  excluded. Correlation of the quantitative effects of exclusion of
these tissues, using preservative uptake based on “Sc” determination, and comparison to
chemical analyses of total specimens, was shown by the author not to differ by more than
+/- 5% of analytical values. That implied concentrations in those parenchymateous tissues
were relatively much lower than in vessels, and “in-situ” spot tests (Chapter 11) agreed with
that conclusion.
(iii)  For normal use, air dry wood density values (12% mc) were used, but, for some
applications, basic density (or specific gravity) was utilised, eg. comparisons to estimated
total void volume. It was desirable to nominate if basic density was used.
The following comments apply;
(a) For reference purposes, published data formed the initial basis for calculation of
“SVV” and “Sc”.
(b) When used (Chapters 3, 8) to quantify source effects on treatment and uptake, a
range of measured values applying to local specimens was determined for their calculation.
(c) Specific counting should include an adequate range and number of pores to derive
a statistical mean value / unit area. Where the vessels are septate, each septa is individually
counted.
(d) The actual cross-section of a vessel, or septa, was found to vary in general
geometric shape. Studies showed that use of the equivalent circular diameter, “d”, as the
average of the major and minor axes did not introduce an error exceeding +/- 5%. The
author’s laboratory, with the co-operation of the wood structure group, determined pore
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diameters by  projection microscope, with micro-photographic reproductions (final 100x)
and a standard graticule for frequency measurement.
Appendix 32 (Table 68) lists calculated “SVV” values for a number of species of both
groups tested.
12.5.4.v.i. Especially for field situations, a smoothly dressed, air dried specimen (L.S.)
was found effective in a comparative evaluation of a  species pore class size, with
confirmatory laboratory (T.S.) checks.
This method, other than a T.S. count, was used to train plant personnel (Chapter 1) to
test for variables (Chapters 3, 8). For operators, the writer,  placed emphasis on density, and
a visual (L.S.) assessment of pore size / frequency in three classes as compared to samples
of that, or a known, species. From an overall control indication, wood density variations
were the predominant indicators of change, and, thus, any need to examine these values.
Author’s note: proximate (Section 12.5.4.v.ii, below) field measurements of “SVV”,
and “Sc” may be determined on relationships of the pore size, and frequency (Graphs 48,
49, 50, Table 57), and a mean pore count (T.S.) enables estimation of an “average diameter”
for the specimens. When combined with a field measurement of specimen densities,
possible average values of “SVV” and “Sc” may be calculated. Comparison of the measured
uptake against calculated “Sc
solely) to structure.
12.5.4.v.ii. As a routine;
(a) the average relations, based on published data,  were initially used for calculation
and comparison.
(b) If treatment results showed  significant differences (three charges) to other source
material of the same species, measurements included;-
(i) the air dry density was determined.
(ii) mean pore count was determined. From the diameter to count relationships, a
comparison was made with vessel dimensions given by (iii).
(iii) the vessel class size was initially determined and was compared to data described
in Table 57 (Appendix 24).
(iv) the values of “SVV” and “Sc” were calculated and compared to results based on
published, or other source, evidence.
(v) dependent on treatment results (six samples for each of three charges), representa-
tive laboratory measurements of pore size, frequency, and density, were made.
These enabled “SVV” and “Sc
and analytical results of samples.
This is illustrated by, and concurrently exhibits effects of source on, results for E.
maculata.  Material from  Dalby gave a value of 0.1537, but specimens from the South
Burnett district recorded 0.1137. Pore diameter values were low, and density was high.
Spotted gum from areas north west of Gatton (south east Queensland) gave low values. The
values of “Sc.” were correspondingly low. Published data for spotted gum, which was in
general agreement with coastal sources (Chapter 3), gave a “SVV” up to 0.3230. Specimens
tested from Grafton, and (small girth) from Queanbeyan (New South Wales), were
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generally in agreement with published values, with “Sc” results correspondingly high.
For treatments of material with low values of “SVV” and “Sc”, especially  for vacuum/
pressure systems when using CCA salts, the solution concentrations were frequently
increased (Chapter 10).
12.5.4.vi. Applications of “SVV” and “Sc” concepts.
The author has described applications of these concepts in Chapter 3 (Section 5.ii) and
Chapter 9 (Sections 9.4.ii and 9.xi.i). Other examples are cited in Appendix 33.
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Chapter 13
THERMODYNAMIC ASPECTS OF OPEN TANK SYSTEMS USING
ELEVATED HEAT PROCESSES AND IMPORTANCE OF DIFFUSIVITY IN
THERMALLY BASED PRESERVATIVE TREATMENTS. DEFECT
CLASSIFICATION.
13.1. In Chapter 12, the writer refers to the paradigm relating air, moisture and density,
which assisted him to effectively develop classifications for treatment of the wide range of
species  and with appropriate variations in schedules. In those developments, multiple
influences of, the relationships to,  thermodynamics, which are examined in this Chapter,
were some of the links between the basic elements (Chapters 8, 12) of structure and the
results of heat in treatments. They were also very important factors as causes of, and
solutions to, problems of treatments or defects in open tank plants (Appendix 14) which
used heat processes. Similarly, thermodynamics and aerodynamics are interactive; both
play an important role in many aspects of timber utilisation and processing methods,
including seasoning, especially kiln processes. Studies of timber  service performances as
an insulating, flexible material exemplify  areas where the timber thermal characteristics
become significant. In research (cf. Introduction, Fire Retardent Committee) on combus-
tion and “spread of flame index” properties of wood relative to other materials, this interest
by the writer included the fire properties of timbers, extending to protective measures such
In discussing the multiple roles thermodynamics played in establishment of preserva-
tion as being scientifically based (Chapter 12), the writer first describes aspects in
development of hypotheses, based on early experimental data, so as to  emphasise the
requirement to establish relationships to physical principles and units and test the hypoth-
eses against those principles. If  confirmed, they would enable the co-ordination of further
research. The basic units, their applications and relevant formulae are described in Section
13.7 and Appendix 34. However a derived unit, “Diffusivity” is expanded in Section 13.9.
Author’s note; For continuity of the text, equations and formulae discussed will, unless
stated, refer to relevant numbering [eg. (34.1)] as shown in Appendix 34.
13.1.i. In preservation, three highly important aspects led to the writer undertaking
research into the relevance of thermodynamics principles to effective, soundly based
preservation practices. These were;
13.1.i.i. The writer was responsible for assistance to industry in plant design data for
preservation plants, for the hot press systems for plywood and for  seasoning kilns (this last
responsibility was later transferred). That assistance was based on initial “in-house”
training courses, aided by design engineers from the State Works Department and later
higher training at the Division of Forest Products, CSIRO. In deriving data for designs, a
mean value of timber densities (Cokley, 1949c) and a high presumed moisture content were
used in calculations for  heat requirements.
13.1.i.ii. Prior to availability of suitable formulae for these  applications (eg. Pound,
1951), general formulae such as equations (34.1), (34.10) were utilised, based on separate
calculation of data for water (using an average moisture content) and dry timbers at varying
densities (cf. Appendix 34, re “specific gravity” and “density”). When the processes
changed, and heating systems began to be other than only steam generators, it eventuated
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closer data on  the thermodynamic influences were needed. It was clear that research into
the differences of thermodynamic properties, as functions of timbers, for preservation
practices was also necessary. Evidence indicated that was as equally important as was plant
design.
That need was reinforced as ranges of available species, properties, variations in the
moisture contents (and Void Volumes), timber sources and densities, increased. Mixed
sapwood/heartwood content in boards (Diagram 2a) and more than one species  in a charge
were prevalent. The early clarification of these factors was necessary for development of
effective timber treatment classifications (Chapter 12) and schedules.
13.1.i.iii. Research confirmed thermodynamic properties of timbers  were signifi-
cantly influenced by, and changes in, “macro properties” of structure, moisture content and
density (Chapters 3, 8, 12). They were applicable to all processes treating timbers,
especially relative to timber de-aeration and the absorption of preservative.  For example,
temperature of  timber surfaces  affected CCA treatments.
The extensive literature , eg. Hunt and Garrett (1938), Popham (1931), Young (1946)
and Bryant (1946), confirmed wide application of the thermal processes. Gregory (1942)
examined the time/ temperature/ thickness relationships for “Hot Diffusion”. Popham,
Young and Bryant discussed advantages of both maintenance and cooling cycles in the
process and empirically recognised positive “partial vacuum” effects of the “cooling cycle”
on final results. They had not  deduced any thermal/de-aeration/absorption interactions on
a quantitative, or selective, basis for species, properties and moisture contents for treat-
ments. These interactions were necessary (Chapter. 12) for the development of treatment
schedules and which could then be varied as functions of species characteristics.
If the partial vacuum theory was accepted and confirmed, then the author considered
underlying principles of these processes may be similar (Chapters 12, 14) to those on which
full-cell vacuum/pressure systems were based. This implies;
a. a thermally induced vacuum (which, by the gas laws, is dependent on maximum
temperature, the time of maintenance and temperature change), when created within timber
which is heated [and cooled under solution], causes  a negative pressure differential with
respect to  atmosphere and this differential is also a function of the temperature changes.
b. it appeared joint relationships of the partial vacuum (which reduces resistance of the
residual “contained” air  to inward liquid flow [Chapter 14, Harrow, 1947]) and the negative
pressure differential (which induces liquid flow and flow rate [Poiseuille’s law]), result in
preservative solution [and water] uptake (Chapter 8). The uptake was considered to
possibly be  quantitative functions of both the level of an induced vacuum and the negative
pressure differential. Uptake was shown to be dependent (Sections 12.1-12.5, Chapter 12)
on timber properties. The pressure differential, “dp” may be defined as :-
dp = (- p1) + p2 + p3                 (13.a)
where ;-
p1 = vacuum pressure (negative relative to atmospheric),  due to initial air expansion
and cooling under solution.
p2 = atmospheric pressure (mm [torr] mercury).
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p3 = hydraulic pressure due to depth of liquid coverage  on a board (equivalent mm
Hg).
The importance of this definition was that “p1” may be tested and quantified as
described below. The levels of heating efficiency and vacuum attained were considered by
the writer to be functions (Chapter 12) of wood density and moisture content. If both vessel
and fibre lumina and walls were completely filled with water, the sample is at maximum
(saturation) moisture content and, by definition (Chapter 7),  there is a minimum (or zero)
air volume for thermal expansion. For these conditions, “p1” would also be at a minimum,
but by seasoning to, or below, FSP, then  to an oven dry state (when “p1” may reach the
theoretical maximum), changes in values  [Section 12.4, Chapter (12)] will occur between
these limits.
It appeared the effect of “p3” was negligible relative to other factors, as indicated by
the finding (Young, 1946c)   there were no significant differences in preservative retention
between the top and bottom layers of a treated stack. Young’s findings were confirmed by
the writer over a range of plants and processes. This negligible effect appears due to the fact
that effective vertical downwards pressure on any board is not equal to the total height of
the column of solution. Typical theoretical pressure distribution is shown in Diagram 2b.
13.2. Verification of, and quantification of, de-aeration and partial vacuum effects as
functions of the thermal changes.
These are described  in terms of the hot and cold process, using 25mm thickness boards
as example, but separate studies in other processes, such as the steam/cold quench, showed
similar relationships for other than rates to achieve the final states and equilibrium. General
sampling lengths were 0.3-0.5m and 0.8m  for laboratory and pilot plant studies  respec-
tively and with 0.8m (both ends sealed) to 1.8m (one end sealed) boards used for the
commercial tests.
When “end” effects were studied (eg. de-aeration), the shorter samples were sealed
only on  one end, but in the  general research they were sealed at both ends (see below) with
two coats of a bitumastic mastic previously found suitable as a sealant at the elevated
temperatures. When suitable epoxy mastics (polymerised at ambient temperatures) became
available, they were used in vacuum studies (Chapter 14). Initial samples were (starch
positive) sapwood, but later  included boards of known sapwood/heartwood profiles
(Chapter 8).
Thermocouples and 5mm glass tubes were sealed into the ends of laboratory speci-
mens and the glass tube connected to a manometer for vacuum studies. This seal was
separate to the end-sealing described above. For pilot plant and commercial studies, only
thermocouples were used. For other studies, thermocouples were also inserted (and sealed)
from an edge, at varying lengths from the end to board centres. When de-aeration (Section
12.4.i, Chapter 12) was predominantly from the end-grain, the rates were higher (compare
Graphs 52a, 52b, Chapter 14).
Solution temperature was increased to different maxima, and maintained for times
indicated by the thermocouples. Non-linear rates of heat penetration, about 6-12mm/hour
from the face of an end-sealed 25mm board, were found. As cooling progressed, the
temperatures and vacuum pressures were measured.
Rate of attainment of solution, timber, temperatures and cooling were functions of
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volume (and mass), of plant design, and efficiency of the heat generator and transfer system.
Species density, properties and board moisture content were significant.
When mixed sapwood/heartwood profiles (Chapter 8) were tested, time required for
heat penetration increased, but de-aeration rate decreased and these were both related to the
heartwood section present. Sample density (Section 12.3, Chapter 12) was a dominant
factor.
The studies confirmed the conclusions [(Section 13.6 and stated in equation (13.b)]
that optimum de-aeration was a function of temperature, total times at maintenance, of
species and “effective orifices” cited in Section 12.4 (Chapter 12).
The evidence, using 0.8m boards (both ends sealed) under the pilot plant conditions
and confirmed over a range of  commercial operations, formed the basis (with treatment
retention results) of schedule temperatures (Chapter 12)  and maintenance times nominated
in Appendix 26.
13.2.ii. The practices of using manometer inserts and end-sealing  were adopted for the
research into full-cell vacuum pressure systems (Section 14.2, Chapter 14 and described in
Appendix 37). By use of Quickfit one-way valves, the writer utilised manometer tubes for
all board lengths (cf. Diagrams 3a, 3b, Chapter 14).
Author’s note; as the tube was 5mm diameter, measurement  covered all tissues;
temperature and vacuum changes were deduced to occur (Chapter 12) also in fibres.
13.3. Objectives (other than for direct diffusion) in use of preservation,  which are
based on thermal processes.
The research on thermal processes, indicated above, led to treatment (Chapter 8)
objectives as;
13.3.i. Use of an enclosing medium, that is, with timber  fully immersed in and
accessible by solution (or a steam environment) as the heat source and which, theoretically,
had an infinite heat capacity relative to demands.
(a) to transfer heat from that source through the full sections of timber at a controlled,
adequately uniform, rate (graph 38). Thus central zones of the timber attain an elevated
(with respect to ambient) temperature which  is such that an effective air expansion (Section
13.3.ii) occurs. It is a function of wood properties.
(b) for this purpose, a “charge” was maintained immersed (equations 13.a, 34.5) at a
maximum temperature condition and for a time to ensure objective (a) was achieved.
For commercial, and research, operations, to attain and maintain the maximum
temperature, the heat source was externally heated and measured (including input). Thus,
thermodynamically, it was shown both treatment solution, or steaming chamber, and charge
were in an unsteady state and where the solution (or steaming chamber) first attained
equilibrium. In practice, a measured, external heat supply to the solution was necessary to
compensate for loss to  timber, or environment.
For the steam/cold quench, equilibrium was more rapidly attained. However, in that
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process, transfer of heat from steam to the “charge” caused some condensation to occur and
resulted in  changes in surface moisture contents of timber and a need for external,
measured, added heat.
13.3.ii. By this procedure, air, and water, contained within the timber cells were
heated. Considered in terms of the air content, results were that;
13.3.ii.a. at the elevated temperature, following the gas laws, there occurs an expan-
sion of a mass of the original contained air (Chapter 14), such that nominal air volume (at
the pressure) remained constant. The mass difference was expelled from the timber.
13.3.ii.b. The progressive rate of loss was;
i. a function of heat transfer through a timber section.
ii. an equilibrium condition with the loss (and rate) of dissolved air from the solution.
The writer determined that, as the solution temperature increased,  equilibrium  mass
solubility of air decreased in the aqueous medium. Loss of air mass from the board was also
dependent on rate of air loss from the solution. During heating and maintenance cycles in
the hot and cold processes, there were (cf. Graphs 35, 36, Chapter 12) absorptions
(different) of water and preservative into timber. For this and mechanism of air loss through
the solution, different procedures operated in the steam/cold quench system using steam,
but the final principles were the same, namely thermal loss of a mass of contained air.
Data (Section 13.4, Chapters 12, 14) confirmed an air loss occurred from fibre tissue,
but at a slower rate.
13.3.iii. Subsequent to, and as a consequence of heating of the solution and timber
described in Section 13.3.ii., the following applied;
13.3.iii.a. for the steam/cold quench, the “charge”  was rapidly “quenched” such that
no pre-emptive cooling (cf. Section 13.8.iii, re design modifications) could occur and,
during the “quench” period,  continued steaming was necessary to maintain the expanded
air condition of all boards up to  and until they were submerged under solution. A partial
vacuum (Chapters 8, 12) occurred in the “quench/cooling” cycle. The charge of timber
absorbed solution (graph 37) over a time, which was a function of cooling rate of board
interiors and timber properties.
13.3.iii.b. for the hot and cold process, a “charge” was cooled off under solution.
b.i. The solution progressively cooled through nominated temperature ranges (Chap-
ter 12).
b.ii. Progressive cooling occurred through the thickness of the timber section. This was
a function of cooling of the solution and what the author describes as “negative” heat
transfer rates of cooling through the section, relative to change in solution temperature and
rate of cooling.
b.iii. The solubility of air in solution increased with drop in temperature but this mass/
volume of air was very small compared to atmosphere.
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When the cooling occurred, the low residual air in the solution ensured air volume
which was  contained within the timber and which had been expanded at the maximum
temperature was reduced as a function of progressive drop in temperature through the board
thickness. It  resulted in creation of a partial internal vacuum (confirmed by embedded
manometer tubes). Though de-aeration occurred, vacuum did not occur during the heating
cycle, but was a function of cooling only.
b.iv. Consequently, there was an absorption (penetration) of solution (Section 12.4,
Chapter 12); the water phase also permeated through the pit and wall orifices to fibre
lumina. Absorption was  significantly greater (including its rate) than would occur if
diffusion was the principal mechanism for penetration. That total absorption of water
confirmed deductions concerning a need for the total board section, including heartwood
present, to be heated and evacuated. If both the vacuum and negative pressure differential
effects were  inoperative, water movement into fibres would be slower than found
experimentally.
13.4. Requirements for attainment of thermal and vacuum  equilibrium conditions in
timbers.
For most of the treatment operations, the writer found unsteady thermal and vacuum
(hence the negative pressure differentials) conditions prevailed and steady states were
obtained only as a function of time at each cycle. As the research proceeded, it became clear
that a partial vacuum effect was only one (major) factor in timber treatment by a thermal
process. If de-aeration was the sole (but dominant) cause of absorption, examples cited next
below would not show significant effects of time on results, but those effects were present.
Examples are;
13.4.i.  For similar dimensions, the treatment schedules covering ranges of species
required, as major components, inclusion of times (equation 13.b) to attain equilibrium for
each cycle of the process. This time at each process condition was dependent on wood
density and structure, on the heartwood/sapwood profile and is explained by thermodynam-
ics.
13.4.ii. Density ranges involve change for each treatment group (Section 12.2, 12.3,
Chapter 12) in the maintenance times at temperatures, resulting in differences for the
recommended periods which vary by factors of 2-4. Density interacts with moisture content
(eg. in equations 34.15, 34.16) in effects on thermal properties.
13.4.iii. Results (Chapter 12), dealing with developments for treatment process
(graphs 35, 36), did show separate increases in moisture content and preservative retentions
as a function of time immersed (Appendix 14) at maximum temperature. There was an
increase in uptake caused by cooling cycles from maximum temperatures. Similar effects
13.4.iv. The conclusion reached by the writer was that for each cycle in treatment, it
was necessary to allow an adequate time for attainment of equilibrium conditions  to
induce, or approach, the steady state condition for both timber and solution. This need is
demonstrated in processes in which the rapid temperature drops required further immersion
time for the centre of boards to cool and to reach thermal equilibrium (Graphs 37-37c).
A similar effect is present (Chapter 14) in full-cell vacuum pressure systems.
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13.5. Moisture content states in treatment.
In the heating and maintenance phases of a treatment, applicable particularly to
processes using immersion in solution, changes in moisture contents, caused by liquid
absorption, occurred from the initial nominal “green” or “air dry” moisture content but did
not approach (Chapter 12) the saturation  moistures. They were associated with thermal
changes (Appendix 34) and resulted in increased rates of heat absorption.
Thus for moisture contents, there is an unsteady state condition which does not become
a steady state until the board reaches saturation, or equilibrium, values.
In research into development of treatment practices involving flexibility in permissi-
ble moisture content for (Section 12.2.i, Chapter 12) processes, the author found that, in the
hot and cold process, moisture contents below FSP had lower effects on times required for
heating and maintenance than appeared necessary if thermodynamic effects of the lower
surface moisture contents applied.
The evidence (eg. Graph 35) indicated that progressive moisture content increases,
described above, principally occurred in the heating cycle, and were aided by increase in
penetration (and wetting) when borax or its homologues (Chapter 8) were used. In
consequence, the heat transfer conditions during maintenance cycles were increased and
the final situation was thermally equivalent to boards of higher initial moisture content,
especially in the “case” values.
Author’s note; in Appendix 34, the writer derives relationships of change in values of
both specific heat “c” and thermal conductivity “k”  (and thus in the other  units involving
them) in terms of the moisture content differences, density and Void Volumes, within a
board.
However, conclusions drawn are also applicable (Section 2a, Appendix 34) to separate
boards, for which the mean cross-sectional data are used.
13.6. Maintenance times at elevated temperature.
13.6.i. The maintenance time (Chapter 12) of a system at maximum temperature is
dependent on rate of de-aeration, which is a function of limiting temperature at the centre
of the board, thermodynamic properties of the species and thermal penetration rates. In the
research into reduction of moisture contents (Chapter 12), the writer necessarily investi-
gated increases (Appendix 34) in cycle times. The studies included treatment of  timbers at,
or below, FSP,  as compared to “green” timbers.
Schedules were developed with a “safety margin” in the heating and maintenance
times, but differences (cf. Section 13.5) due to these  moisture content changes were less
significant  than the effects of species density and section size.
13.6.ii. Let “h1”  be the total time (hours) required    for optimum de-aeration
(dependent on timber properties)  of a board heated (or steamed) at maximum temperature.
If “h2” is the time (hours) for the centre of a board to reach equilibrium with the
temperature of the medium and which depends on the wood properties and moisture content
(Appendices 34, 35), then a total maintenance time of “H” (hours) required at the maximum
temperature is given by;
H = (hl + h2) hours.           (13.b)
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Initially, the writer determined values experimentally, until adequate data had been
confirmed to establish  thermodynamic relationships as a function of species. Density and
ranges of moisture contents (Chapter 12) were involved (Appendix 34) in such studies.
13.7. Thermodynamic  principles found to be significant in timber preservation.
Fluid flow dynamics are more appropriate in terms of vacuum/pressure processes, but
there are interactions with roles of thermodynamics. Little fundamental, or applied,
research information was available on the local species for influences of, or roles played by,
thermal principles.
That lack extended to the open tank treatment processes based on heat and to
procedures in the development of and in possible flexibility of those processes.
There was a large volume of literature dealing with heat in engineering practice and
for many applications to wood eg. drying coefficients, These included Kollman (who is
generally examined through his joint publication with Cote (Kollman and Cote, 1968) and
MacLean (1941) who had published a series of articles in A.W.P.A. publications over the
period 1930-1936 (not separately referenced) and whose works are discussed in definitive
analyses by Stamm (1964), by Kollman and Cote (1968) and by Siau (1984).
Many investigations were under steady state conditions, but in preservation,  it was
often necessary to examine relationships under variable and/or unsteady conditions. The
number of variables increased when the research was extended to the commercial opera-
tions. As evidence was accumulated and analysed, it was recognised five aspects were
relevant and, in some respects, summarised the data. They were;-
1. Total heat - “Q”
2. Specific Heat Capacity - “c”.
3. Thermal Conductivity  - “k”
4. Thermal Capacity - “C”
5. Diffusivity - “a”.
Unless stated, their conventional definitions apply and are assumed in  discussion. As
each includes extensive formulae, they are examined, including derivations of the formulae,
in Appendix 34.
Only significant, applicable derivations, and discussion using those formulae, are
quoted in this text. For each, there are important relationships with moisture in a board, with
changes due to differences in density and real difference in physical heat properties or fluid
flow. Change (Diagram 2a) in properties between sapwood [density factor of 0.8, Chapter
12] and heartwood zones  becomes (Chapter 8) significant.
These properties and changes are involved in total heat demands of the preservation
system, the times for heat to penetrate timbers of different density, rates of heat transfer from
the heating medium to a solution and thence through variable thicknesses of boards. On
these is dependent the treatment efficacy and which, in turn, influences the economics of
operation.
13.7.i. The Specific Heat Capacity “c”.
Employing both formulae (34.3) and (34.4), variations in specific heat capacity over
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temperature ranges used in timber preservation  are shown in Table 69, Appendix 35.
It should be noted that, for species of a low density, moisture contents (Chapter 12) of
a “green” timber, or saturation values, may exceed 100 - 150% when based on an o.d. mass
of timber. That data is applicable in seasoning and plywood (veneer) applications.
13.7.i.i. As a board dries, differences increase, with depth, between moisture contents
from the outer surfaces of the board to that at the centre. The differences are present between
sapwood to heartwood and with thickness. There is a related change of specific heat
capacity with depth (effect of the moisture gradient) in a board (cf. Section 13.8 re joint
relationships of “c”  with thermal conductivity). Usual industry standard for measuring
moisture content of the stack is by  mean cross-sectional moisture content of sample boards.
Data on moisture gradients enabled a working safety factor (Chapter 12) to be established
and differences in treatment quantified.  Commercial applications in the use of values of “c”,
were based on the (tested) assumption that, at a plant, cross-sectional moisture content
gradients (cf. effects of change of gradients, equations 34.14, 34.15, 34.16)  were
adequately consistent for a particular species and a thickness. The author considered each
treatment plant (Chapter 10) as a “statistical cell”.
Consequently, it was necessary to correlate the thermal results so obtained against
calculated results typified by those derived (Table 69, Appendix 35) for gradient sections
in a board. That agreement was confirmed, but (cf. Section 13.7.ii) emphasised roles of
thermodynamic parameters.
Research on the variations in wood treatability involved calculation of values of total
heat, “Q”. As indicated in Chapter 10, accurate estimates of  solution and charge volumes
(with density, moisture content ranges for the latter) were necessary. Based on specific heat
capacities and other units below, the distributions of heat, of temperatures and of de-
aeration, with depth in timber sections, were calculated and compared to results.
13.7.ii. Thermal Conductivity “k”.
Value of “k” is influenced by moisture content gradients and change of specific
gravity. Insulating properties of a timber specimen, varying with moisture content, depend
on this characteristic. Unless section thickness is small compared to surface area, a
condition applicable to thin veneers, the mean cross-sectional moisture contents give
proximate values only, but are suitable for general applications.  Thermal conductivity is
highly significant when thick sections of timbers, such as rail sleepers, are treated by
thermal processes, which include a special treatment termed “Boultonising” (boiling for an
extended time, in oil solutions, under applied vacuums).
When timber is being heated, equations (34.10), (34.11) are applicable due to gradients
of moisture content and specific gravity. They apply to use of different heating media such
as steam, and differences for aqueous, or oil borne, solutions. However, for all cases, the
limiting conditions are at the surface and centre of the board. Penetration is from all surfaces
and, if this is not satisfied (Diagram 2a), values of “Q” at separate points in the same axial
planes will vary. Stamm (1964), Siau (1984), MacLean (1941) point out the longitudinal
to the transverse ratio of “k” is 2.25-2.75. Variation between  the radial and tangential
directions were practically negligible. Results obtained in development of treatment
schedules by, for example, the hot and cold processes showed no significant differences in
cycle times between bachsawn and quartersawn boards. Differences in board total dimen-
sions, including length and hence in total heat demand as well as heating or cooling rates,
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between the pilot plant studies and commercial operations, were important criteria in the
determination of process cycle times and equilibrium conditions.
13.8. Correlation of both the Specific Heat Capacity and Thermal Conductivity with
wood preservation.
13.8.i. Six variable conditions can apply:
(a) when the board width is significantly greater than its  thickness, edge penetration
can be neglected relative to that from the faces.
(b) when the board width is not significantly greater than the thickness, edge
penetration cannot be neglected, but is generally at a much lower rate, relative to the board
centre, than face penetration. This latter does not apply to square profiles in boards.
(c) where the gradient of moisture content is zero, or is uniform from the surface to the
centre, that is the moisture content  gradient from the faces and edges is symmetrical about
the central axis. This is the condition assumed (dependent on sapwood/ heartwood profiles)
when board mean values are used.
(d) where the moisture gradient is nonsymmetrical about the central axis.
(e) where the board is of uniform density (at a standard moisture content) across the
section.
(f) where the board is of non-uniform density across the section eg. a sapwood/
heartwood cross-section board.
Equations 34.15 - 34.17a (cf. Section 5, Appendix 34) examine these conditions.
13.8.i.i. the results are:
(a) where the moisture gradient is zero and the board is of uniform density, both the
specific heat capacity and thermal conductivity are constant, or uniform, with depth. “Rate
of temperature change” calculations are dependent only on section density and moisture.
(b) where there is change of moisture content gradient, or a change of density, the
values of “c” and “k” will vary. As the lowest moisture content is normally in the  outer
layers, values of “k” and “c” will theoretically increase with depth. If this were so, then at
a point “x1”cm from the surface, as specific heat capacity increases, total heat required,
“Q1”, to raise that unit cross-section temperature also increases.
As the value of “k” is dependent on moisture content, a lower moisture content in the
external “case” of a board reduces rate of heat transfer. Under these conditions, total heat
“Q” is not immediately available to inner sections and the time rate, “tx1”, of heat transfer
is lower. Similarly a change from depth “x1”cm to “x2”cm results in a comparable difference
in rates.
To achieve operating temperature conditions  at the board centre theoretically (cf.
Sections 13.5, 13.6) requires  increase in time, or the final temperatures attained will be
lower than required for the process.
The values of “k” and”c” (cf. equations 34.3, 34.4, 34.7, 34.8, Appendix 34, Appendix
35), vary with change in the moisture content, and both “Q2” and “tx2” change. An
equilibrium condition, which is especially relative to temperature, will result unless the
external heat is of sufficient quantity and accessability to supply demands. This condition
pertains to the board centre. Dependent on conditions (a), (b), change in “kxn” and “txn” may
cause  variable penetration from each surface or edge.
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These conclusions agree with deductions based on Fouriers equations (34.10), (34.11)
which cite formulae for heat transfer (Appendix 34) through a non-uniform section.
This situation can arise where boards have swollen and hence edge gaps between
boards are insufficient to allow adequate quantity of hot solution to circulate freely. For
these conditions, “tx” from these edges is measurably less than from the other surfaces.
Hence de-aeration is reduced as well as subsequent equivalent temperature drop and this
decreases the negative pressure differental and results in reduced fluid flow. The nett overall
result is inadequate or variable retention in affected zones. An adequate spacing based on
swollen volume of the wood was emphasised to industry.
13.8.ii. The importance of Void volume, “V”, in thermal calculations.
The calculations, which include all tissues, are examined in Appendix 34. Results
confirm the significance (Chapter 12) of void volumes in determining effective treatments.
The limiting values of density and moisture content are at the surface and center of a
timber section and these were significantly influenced by both growth and climatic
conditions and by sapwood/heartwood profile.
At saturation, vessel and fibre lumina are theoretically filled, but, on drying, void
volume in lumina increases until attainment of fibre saturation point (cf. Chapter 12 re
influence of density on FSP), at which only air is contained in those cavities. Data developed
(Chapter 12) by this author showed that  moisture change in vessel lumina is very significant
and preservative retention is restricted to that zone (Section 12.5, Chapter 12), but moisture
content of all tissues increases by treatment.
The conclusions drawn from the analyses (Appendix 34) were that any variation
within, or between, boards, of moisture content, or specific gravity, causes measurable
differences in the specific heat capacities (Table 69) and thermal conductivities, and these
result in changes in rate of heat penetration, vacuum levels, moisture  and preservative
uptake.
These (Chapter. 10) deviations in preservative retention can occur by mixing air-dried
and green-off-saw material. They also explain a need for close control on mixtures of
species, eg. treatment groups 1, 3 (Sections 12.2, 12.3, Chapter 12) in the one charge and
by which densities and moisture contents may vary twofold.
An exception to this general condition (where outer layer moisture content is lower
than with depth) lies in the direct heating of wood by steam, especially when using a low
pressure “wet” steam, typified by  “reconditioning” (Chapter 7), or, topically, for the steam/
a. the rate of heating by steam is higher than that given by aqueous solutions.
b. As the heat content of the steam is used, condensation occurs which causes sharp
increases for the outer layers, termed the “case”, in terms of heat demand, moisture contents
and swelling of those layers. In consequence, a reverse moisture gradient may be caused,
resulting in temporary values of “k” being higher than further in the board depth.
A maximum moisture content was (Chapter 12) prescribed for species above treatment
group 2A (Sections 12.2, 12.3, Chapter 12). The sapwood/heartwood profile (Section 8.xiii,
Chapter 8) of a board affects both the ranges in moisture content and heat characteristics.
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13.8.iii. Modification which were necessary to be made in initial plant designs for
steam/cold quench systems.
Conventional systems were adapted from a “reconditioning chamber” used in kiln
seasoning. For that, the perforated steam coils were mounted only on the roof of the
chamber. In this process, at the end of the steaming cycle, rapid entry of the solution caused
cooling.
This related not only to the boards being submerged but also to the air space above the
solution, thus resulting in a cooling of the air and of outer layers of boards not yet
submerged. The result was a variable distribution of poorly treated boards;  the writer
established a pattern relating to “pre-cooling” described above. Plant design needed
amendment to ensure that, subsequent to steaming cycle times, flooding of  cold solution
did not cause premature cooling before the charge board layers were progressively
submerged. If that occurred, air absorption and low solution uptake resulted.
Multiple steam lines were vertically placed on the walls of the steaming chamber,
including above charge height, so that progressive steaming continued during  “flooding”
(Appendix 14) of solution. Uniformity and consistency of treatment were improved.
13.9. The significance of “Diffusivity”.
“Diffusivity” (Appendix 34) is defined as the term “(k/C)”, denoted by the term “a”,
used for British units, MacLean (1930, s.n.r.), McGlashan (1971). Kollmann and Cote
(1968) define it by the same symbol. Siau (1984) uses the symbol, “Dh”. Stamm (1964, pp.
283-293) denotes it by a symbol “h2
of thermal conditions in a system prior to establishment of equilibrium, i.e. before a linear
or steady state is established. MacLean (1952) suggested experimental treatment and
describes graphical charts of time / temperature / depth.
13.9.i. From the definition of Thermal Capacity “C”, this writer confirmed [based on
equations (34.1, 34.12a), Appendix 34] it was equal to the product of the specific gravity
“sg” and the specific heat capacity “c”. From its definition as the ratio of the thermal
conductivity “k”  to the thermal capacity “C”, “Diffusivity” became;
a = (k) / [(sg)(c)]                   (34.13)
Kollman and Cote (1968), Siau (1984) have independently  derived the above
relationship. Equation 34.13 may be expressed (Appendix 34) as;
a = (k). (S.V.sp) / c              (34.13a)
where “(S.Vsp)” is the Specific Volume of a specimen (cf. Section 12.5.4, Chapter 12).
Kollman and Cote (1968) cite Maclean (1930) as showing  that “h2” (= “a”) has an
average value of 0.000629 m2
reasonably small. However, as both “(sg)” and “(c)” are dependent functions of wood
density and moisture content, the data (Kollman and Cote, 1968), though numerically small,
show density changes from 0.20 to 0.80 (constant moisture content) result in about 25% fall
in value of “a”. From the lower density range (0.20) to the value of 0.80, moisture content
changes from 10% mc to 50% mc have corresponding falls from about 20% to 12% of that
at 10% mc. For local species, specific gravities (Section 12.3, Chapter 12, Appendix 27) will
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reach values of 1.200 and moisture contents in the lower density species may exceed 100%.
Thus the change in “a” becomes significant. Maclean stated the “diffusivity factor depends
on the direction of the grain” and he calculated the steaming times for different sections of
timbers using this unit. There were parallels in that work and the objectives by this writer.
13.9.i.i. This form (equation 34.13) of the relationship was most useful as it combined
major thermodynamic units in one term with the two major variables in wood, namely
moisture contents and specific gravities. Values of “k”, and “c” are functions of these
variables. Illustrated by equations (34.3), (34.7), (34.8), (34.14  to 34.16), any changes in
a moisture content, or specific gravity, value cause changes in the values of “a”.
Prime importance of “Diffusivity” was as the quantitative measure of rates of diffusion
of temperature especially in timbers. De-aeration, which is a critical requirement for
effective treatment by other than direct diffusion, is  temperature dependent. Diffusion is
also  temperature dependent and Graham’s Law of Diffusion (Findlay, 1944) applies. In
timber preservation, it was often necessary to determine relationships prior to attaining a
steady state condition. This applied in assessment of defects in heating systems and their
Owing to the variability of material on a commercial scale, the writer initially
investigated problems by an experimental approach, until, by using thermocouples and
thermotubes (and including treatment results), adequate evidence was obtained to justify
the application of  formulae. Use under plant conditions confirmed those findings. Graphs
35, 37a-c, 38-38a, illustrate their use.
13.9.ii. Limiting values of the product “(sg)(c)”.
Using cgs units, for local species, the author  found the position to be such that the
product “(sg)(c)” did not exceed unity and  in practice, except for isolated cases, it  was
significantly less than unity, particularly so in moisture content effects on the product of
these terms. This is illustrated by a species having a sg = 0.800, and moisture content of 50%.
Data from Table 69 shows “c”  has a value of approximately 0.54 over normal temperature
ranges and this gives a “(sg)(c)” product value of 0.432, which is less than unity.
Author’s note; From a practical usage application, values of “(sg)(c)” may fall to very
low values, but unless “sg” or “c” become zero, the product would only approach, but will
not attain, zero value. It would be an interesting, theoretical, philosophical project to
establish physical conditions at which that may occur. As “sg” is a function of mass, it would
require a condition of “weightlessness” and similarly, for “c” to become zero, an absence
of heat is required, a condition attainable only at absolute zero temperature.
The evidence led the writer to conclude an upper value of the product “(sg)(c)” was
unity.
On this basis, although there is an increase in the value of “k” with increase in the wood
moisture content and in specific gravity, the position applies where the value of “a” changes
at a faster rate. Hence the lower limiting value of “a” would equal “k” and calculations as
a measure of the temperature diffusion could be based for lower limit conditions directly
on the “k” values.
13.9.ii.i. A typical condition for this to be applicable, was for a mixed sapwood/
heartwood crosssection in a board and, though only sapwood required preservation,
schedules  at elevated temperatures were required to both heat and to de-aerate the
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heartwood zone, otherwise the latter acted as a “heat sink” and as a source of air in cooling
cycles. Designs of heat requirements were desirably based on an “average maximum wood
weight condition” and hence the writer used published heartwood data in calculations.
Similarly, moisture contents were low  in very dry boards (less than 15%), in plywood and
in machine dried veneer (both less than 5 to 7%). These low values had increased difficulties
in wetting by the aqueous solution (Appendix 15), a problem not as marked (Chapter 8) for
thermally based processes. Non-polar preservative solvents did not present problems to the
same degree. Heat demand was increased by “heat of wetting” and total time for heating was
increased (cf. Sections 13.5, 13.6). Similar  thermal effects were noted in kiln seasoning,
in oven drying to measure a moisture content and in the hot press gluing of plywood.
13.9.iii. Applications of Diffusivity in the preservative treatment of timbers sensitive
to thermal changes.
13.9.iii.i. When hot timber was exposed to sharp thermal changes, exemplified by its
removal from a treatment at temperatures above ambient, sharp thermal gradients were
present from the surfaces and caused certain species, or thick sections, to experience severe
(a) Reduction of the maximum temperature from 95-98 degrees to 70 degrees, with 68
degrees C. as the critical minimum value. Hence (Chapter. 12), after the temperature drop
in solution, typically 22 degrees, differences on removal were reduced from a maximum of
about 40o  to 25o, relative to atmospheric temperatures.
Both the degrade and excess drying rates were reduced significantly. The writer found
these could be quantified and expressed as mathematical functions, assuming a constant
external humidity. If;-
t1= maximum temperature at the centre of a board,
t2 = ambient temperature (at the board surface),
diff,
where tdiff  = (t1 - t2).
Similarly the rates of cooling of the board, sequentially from surface to centre, are
represented (tdiff/time)  by;-
r1= rate of cooling of board surface to atmosphere,
r2= rate of cooling of board centre to the surface,
and dr = f(r1-r2),
where “dr” is the differential cooling rate and, as it is related to “tdiff” and “t1”, may be
expressed as;-
dr= F(tdiff, t1)
The relationship was approximately logarithmic, dependent on the species heat
transfer characteristics which are functions of its moisture content and specific gravity.
Relationships were confirmed by thermocouples in sample boards and by moisture tests.
They were similar to normal kiln seasoning, but differed in that the initial moisture gradients
were reversed after treatment.
271
(ii) Where operational requirements were such as to favour retention of the higher
maintenance temperatures of 95-98o and cooling of 22o, then after the preservative
treatment, a charge was  first cooled in the warm, empty vat, which was a high humidity,
warm environment (where air was close to saturation) and was thus protected from  lower
ambient temperatures. As the air cooled inside the vat, condensation occurred on board
surfaces (equivalent to a mild “reconditioning” treatment) and moisture gradient stresses
were reduced to non-significant levels and with consequent reduction in checking and
degrade.
As vat temperatures dropped towards ambient, the charge was removed.
Two temperature differentials and two rates of cooling and drying were achieved
namely;
diffta = (t1 - tc),
and difftb = (tb - t2).
where ;-
tc = temperature of warm, humid air in vat.
tb = temperature at centre of board after cooling in the vat.
diffta = initial thermal differential between board temperature and tc.
difftb = thermal difference after cooling in vat.
Similar relationships applied for both “dr” and for the differential rates of cooling.
13.x. Application of thermodynamics in development of, or control of, or rectification
of defects in, the heating of treatment solutions used in thermally based processes.
Similar thermodynamic considerations applied to solution conditions. Several exam-
ples are cited:
13.x.i. Thermosyphon systems.
Heat input was based on an external heat exchanger such as a non-pressure vertical
boiler. The rate of solution flow through the vat and charge was regulated by rate of heat
transfer in the exchanger, by pump capacity and pipe size. This was the reverse to steam coil
heating, but the same principle applied, i.e. conduction through a thin walled cylinder to
heat a fluid (Joel, 1969). Equation (34.10) applied. The rate of flow was dependent on:
(a) the coefficients of conductivity of the heating tube walls internal in  the heat
exchanger (heat input) and separately for the heating pipes (heat output) as well as “outlet”
return pipes from the solution to the exchanger.
(b) the temperature differential between heated wall and  the heat transfer wall of the
tubes as in (a).
These were different as both the inlet heating pipes and  outlet pipes (to return solution
to the heat exchanger) below solution height (without a charge) in the vat were  perforated
and there were temperature differences to the solution in which they were immersed.
Prevention of heat losses over the full length of heating pipes, from  heat exchanger to the
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vat, was a consideration in design.
(c) the rate of equilibrium of the heat, of temperature  “diffusion” and uniformity,
through the equivalent “total volume” of solution. Diffusivity was a controlling factor in the
rate of heating, and temperature rise of solution  but with convection effective in
distribution. Excessive flow rates of heated solution through the pipes, both in the heat
exchanger and in transfer to  the vat volume, resulted in poor rates of heat exchange and in
variable increase in solution temperature. Too slow a flow rate meant wastage of generated
heat, without a corresponding heating of solution and charge. To ensure a uniform heat
distribution, there was an “perforated inlet spreader” (end-capped) and an “outlet intake”
similar to the inlet.
The latter had returned solution from the vat through a separate pipe line to the heat
exchanger. For initial tests in a plant, the “inlet spreader” and “outlet intake” were initially
temporarily positioned at opposite ends of the vat (above the floor) The final locations and
heights were established after studies (see below) of temperature distribution (and rates) for
both a vat with solution only and then with a charge in place. In other systems, both
perforated inlet and outlet pipes were  longitudinally sited along the walls at a height below
the level of solution without an immersed stack. For the latter, twin (branched) lines were
also used for some plants.
Temperature distribution studies, which included location of the inlet and outlet pipes,
were conducted (Cokley, 1949c, 1950a, 1953) similar to plants heated by steam or
electricity. Multiple recorder measurements were made and thermocouples were inserted
into sample boards.
13.x.i.i. Clearance of stack from the top of solution and from walls of a treatment vat.
Thermodynamically, the heating medium (solution or steam) was an infinite source of
constant heat capacity.
In practice, heat input was provided by steam heating, by electricity or by thermosyphon
and, for the first two sources, accurate measurement of heat demands, including losses,
could be made. Where heating of a thermosyphon plants was by oil heating, measurement
of consumption and combustion properties of the fuel gave an input value. For the open tank
systems, solution heating was assumed to be isobaric.
This discussion will examine treatment solutions in the hot and cold process as the
example.
From the solution surface, heat was lost by evaporation and radiation. Adjacent to the
vat walls, heat loss was by heat transfer to the wall which loses it by radiation.
In consequence a layer (either horizontal or vertical,   dependent on whether it was the
top surface, or a side wall) had a lower heat capacity to ensure maximum heat transfer to
the boards in that region. The relative order of loss was a function of temperature
differentials between the external atmosphere, solution surface and the board, or, respec-
tively, temperature of the external wall and its thermal conductivity (dependent on
insulation) and temperatures of both solution in contact and board. As the board temperature
increased, the differential, or thermal gradient, between it and the solution decreased.
Hence effective rate of heat transfer decreased. If the vat was not insulated, or was not
covered during the heat cycles (removed during the cooling phase), the solution surface, or
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the hot wall, lost heat to the atmosphere and a measurable thermal gradient existed. The
result of that gradient was a reduction in the solution capability to supply a uniform and
constant source of heat to the charge. The overall effect of this was that an adequate volume
of heat source, i.e. solution or steam, must be present in the space between board and wall
or surface to ensure cooling does not occur. In practice, a minimum side clearance of 150mm
was effective. This was based on the worst position, viz. an unlagged steel vat erected above
ground and exposed to westerly winds. A good wall insulation was necessary.
A minimum solution coverage of 150mm (total advised 300mm over timber) was also
determined. This advised depth was necessary to ensure complete coverage during the
cooling cycle and for the resultant solution absorption. An adequate clearance between the
surface of the solution and top of the vat was also advised. Similar calculations were made,
and tested, for recommended clearances to be appled for inter-board edge spacing (gap was
typically 12mm, but was  based on board widths) and for an adequate  solution flow between
board edges.
Where heating of the solution was by such as steam coils, they were placed above the
floor and were fitted with steam traps to prevent problems with condensate. Thermal flow
patterns from those tubes established the need for a minimum clearance of 0.3m to 0.5m
below the bottom layers of a “charge”.
13.x.i.iii. The classification of defects in treatment plants, their causes and rectifica-
tion.
The writer established criteria for plant efficiency and developed a classification
(Cokley, 1949c, rev. 1965) of causes of and correction of thermal defects in  treatment
systems. These were classified on;
i. type of heating system used to heat solution (hot and cold processes) or a charge
(steam/cold quench). They were steam, electrical and  thermosyphon, but did include  the
ambient processes where a “warm soak” (Appendix 14) condition applied.
ii. type of solution circulation, eg. convection or use of a circulation pump.
iii. type of cooling system, eg. cold quench for either a steam/cold quench process or
hot and cold quench process. This related to the uniformity of cooling  (cf. Section 13.8.iii)
through boards within a charge and to ensure an equilibrium condition existed.
Similar classifications, using process parameters, were introduced by the writer for
full-cell vacuum/pressure treatment systems.
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CHAPTER 14
RESEARCH INTO AERODYNAMICS OF FULL-CELL VACUUM PRESSURE
TREATMENT PROCESSES AND VACUUM PUMP CAPACITY.
DEVELOPMENT OF THE VACUUM-PRESSURE DIFFUSION PROCESS, ITS
COMMERCIAL APPLICATIONS, TREATMENT SCHEDULES AND
MOISTURE CONTENTS FOR QUEENSLAND SPECIES IN THOSE
PROCESSES.
14.1. Introduction.
In earlier chapters (1, 8, 10, 12) the author has made references to the structural
differences and sites of deposition of preservatives in local hardwood species as compared
to, particularly, low density exotic softwoods. He has also emphasised the very significant
role played by timber preservation (Chapters 1, 8, 10, 12)  in both a maximum  forest
resource conservation and an effective, scientifically based, utilisation of the State‘s timber
resources. Policies of the Forestry Department, allied with bodies such as CSIRO, were
strongly supportive of those objectives and thus (Chapter 1) involvement of the author and
his group in expansion of that role.
In the early 1950 era, following the postwar trend in New Zealand, it was apparent
(Chapters 10, 11) that both multipurpose oil-borne and water-borne preservatives, eg. CCA
multisalts, had complementary roles to the generally and successfully currently used
insecticides (Chapter 9) for anti-Lyctus control.
14.1.i. Alternative Processes involved.
Though thermally based systems were usable for some of the oil-based preservatives,
that group of processes was unsuitable for especially CCA salts. Use of the cold soak
(Appendix 14) was practicable and was used by the writer at a commercial installation
(Moura, Central Queensland)  to study the movement of CCA components into timbers. It
was not a commercially viable economic alternative.
Technically, that need implied introduction of either;
a. the “Empty Cell” process, where the preservative, generally oil-based, was re-
stricted to putting a coating on the cell wall but no deposition in the cell cavity.
or;
b. the “full-cell” process, which operated at ambient temperatures for principally water
based preservatives and by which the aim was to fill a maximum volume of cell lumina.
The significant difference between the processes rested in the air content of the timber
cells being treated. For the former, a preservative, which is generally oil-based, is
impregnated against an induced air resistance (caused by preliminary air injection),
resulting in an expulsion of excess preservative after the release of an applied pressure, thus
leaving a coating of preservative only on the cell lumen wall. For the latter, theoretically
a preservative absorption was subsequent to the maximum preliminary evacuation of air in
the wood cells. This was the process supplied by and recommended by preservative
manufacturers for local conditions.
Particularly for the former, multiple research into and results of treatment,  including
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the preservative depth and its distribution in the timber, appeared in A.W.P.A. Proceedings,
especially from about 1955 -1970.
Author’s note; As such references are very extensive, they are neither separately
discussed, nor cited, in this thesis. Over that era, only Australia (Queensland and New South
Wales) with New Zealand had legal (Chapter 2) requirements for a minimum retention of
preservative at a nominated depth in treated timber.
14.1.i.i.  The differences caused by local variations in species or climate; preliminary
research by the writer.
Subsequent to commercial adoption (1961) in Queensland, problems of CCA pre-
servative usage and control procedures were described (Chapters 10, 11). However, due to
a need for research into and evaluation of industry applications for the alternative (full-cell)
process based on vacuum pressure systems (Chapter 8, Appendix 14) and prior to local
installation (1961)  the writer was given access by preservative (and plant) suppliers to the
commercial units established in Melbourne and Grafton. Problems of “sapwood” treatment
(refer “outer heartwood”, Chapter 8) arose with the Grafton plant.
It became apparent that, especially, but not exclusively, if using CCA salts, problems
could occur when the process (Chapters 8, 10, 12) was applied to local  angiosperms.  Those
problems were  relatively insignificant in treating  gymnosperms, especially young, low
density, plantation, primarily exotic, species then extensively treated in New Zealand and
proposed particularly in southern Australia.
These differences included;
a. effective sites (Chapters 8, 12) of deposition.
b. the wide ranges of climates, water qualities, density, wettability (Appendix 15),
species and industry  problems (including economic) associated with the requirement for
treatment at, or below, FSP.
Commencing especially during secondment (1958) to the then Division of Forest
Products, CSIRO, the writer initiated research into applicability of the “full - cell process”
for these different conditions.  That was intensified after the installation (1961) of
commercial treatment plants in this State which led the writer to conclude there were needs
for not only investigations into chemical and operating procedures (Chapters 10, 11), but
into variables of the process.
14.1.i.ii. Preliminary background and conclusions.
14.1.i.ii.a. The adverse effects resulting from use of general Void Volume formulae
in calculation of an aqueous preservative solution (and dry salt) uptake in hardwoods by the
full-cell process.
In Section 12.4.2 (Chapter 12), the writer discussed the incorrectness of utilising the
Void Volume formulae as a direct calculation of possible preservative absorption in
hardwood timbers. In view of its importance in full-cell treatment and the major research
required to ensure  industry  was  established on a scientific and economic basis, that earlier
statement is repeated as below;
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“Void volume as described by other workers relates to the theoretical space available
in the timber for liquids or gases and it assumes perfect penetration.
Many workers transpose the void volume relationship from being one of “air / moisture
content / density” to being equivalent to “air / treatment solution / density”.
However (Section 12.4.a), differences were found which demonstrated,  though this
assumption was adequately true for  gymnosperms, it does not apply for angiosperms. For
the latter, important physicochemical effects, including “wettability” (Appendix 15), and
wood chemical reactivity with preservatives (Chapter 8) affect the void volume available
for preservative uptake “ (end of quote).
It has been this writer’s view that there was inadequate appreciation of studies such as
those by Cronshaw (1960), which placed emphasis on penetration problems through pit
membranes and with similar studies in relation to cell walls. That work demonstrated
difficulty of movement for preservatives from the vessels (and rays) into other wood tissues
and, for hardwoods, supported the restriction of general void volume formulae in applica-
tions to other than for water and gases. Later research (Rudman, 1966, Greaves, 1972, 1974)
confirmed problems in  conventional preservative penetration through cell walls into fibres.
The general, direct inapplicability of these formulae for calculation of uptake, other
than water or gases (air)
processes (cf. Sections 8.x, 8.xii, Chapter 8, Sections 12.4.2 - 12.4.4, 12.5.4, Chapter 12).
The differences to softwoods are quantified by the equations 12.17a-12.17c, 12.22,
12.22a-12.22c, 12.23-12.23a (Chapter 12) and the “Specific Vessel Void Volume and
Concentration” concepts (Section 12.5.4, Chapter 12) provide an effective method for
calculations of uptake.
Differences to softwoods, in this context, are summarised by physicochemical terms
(which also relate to structure [cf. Chapters 8, 12]) involved - permeability, effective
orifices, accessible free paths, penetrability, porosity and sites of deposition.
The differences in applicability, as defined, are used in Appendix 38, wherein air and
moisture content values used in this research (eg. Section 14.4) are determined.
In commercial calculation of possible preservative uptake in hardwoods, there
continued to be a non-recognition of these differences (eg, Tamblyn and Bowers, 1961).
Rudman (1965) uses similar formulae (Kingston and Risdon, 1961, s.n.r.) to calculate (his
fig. 12) the possible creosote absorption in spotted gum (cf. Chapter 12, Appendix 30A).
In fact, only a maximum percentage (varying with species) wood volume of about 15%
to significantly less than 50%, (Appendix 32) was available for the solution penetration.
Open forest species were at the lower end of this range.
A major consequence of this broader application of the Void Volume formulae was the
assumption by some research workers (and industry advisers) that for local hardwoods,
such as “Inland” open forest species (Chapters 3, 8), no fundamental changes would be
necessary in the principles, mechanical units or procedures used in current full-cell
treatment of softwoods or easily treated hardwoods, other than adjustment (increase) to
solution concentrations.
In consequence, additional to economic and utilisation requirements, major research,
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described in this Chapter, was required into the fundamental principles involved in de-
aeration and absorption mechanisms (and efficiencies) which controlled full-cell vacuum/
pressure treatment of hardwood species. Approval (Chapters 1, 10) was given for this
research and its industry applications.
14.1.i.ii.a.i. Accruing evidence supported the author’s theories and, in particular, to
those relating to de-aeration practices (Chapters 8, 12, 13) and in general that evidence
indicated that, as practiced, the operating process was, in terms of results, intermediate
between the two nominal vacuum pressure systems. The conclusions led (see below) to the
writer concentrating initially on the aspects of cycles in evacuation for the full-cell process.
14.1.i.ii.b. Comparison with thermal processes (Chapters 8, 12).
To test whether (Chapters 3, 8) the problems related to the timbers or process, the
writer compared results from thermal processes with conventional full-cell treatments.
These confirmed significant differences existed due to process. They pointed strongly
to inadequate de-aeration and insufficient time at each cycle (Chapters 12, 13) for timber
to attain equilibrium conditions during treatment.
14.1.i.ii.c. Due to structure (Chapter 12) and comparison with earlier research on
thermal processes, the writer concluded the regimen of advised treatment schedules,
especially evacuation times and levels of applied vacuum, could require modification under
Queensland conditions.
14.1.i.iii Ambiguities in commercial evacuation cycles.
There were apparent ambiguities within procedures which were advised and which
were adequate for the low density softwoods, but which introduced significant problems for
hardwoods, especially for the denser species. They were;
a. general procedure.
The general practice is described in Appendix 14 and was based on short evacation
times at about 100-125mm, then a rapid “flooding” of solution into the cylinder and quick
pressure impregnation (at 1400 kPa) to “refusal”. Times of cycles were independent of
species or sizes. When the pressure was released, high “kickbacks” (as a percentage of total
volume injected) were common (Harrow, 1947) and the solution was “blown back” (cf.
Chapter 10, Appendix 14) by compressed air,  Frequently a short final low vacuum was
applied to “dry” the charge.
Author’s note; subsequent to demonstration to industry of research and commercial
applications described  in this chapter, the practice of solution “blow back” was amended
in a number of plants and the solution was pumped out.
This standard procedure appeared based particularly on findings by Maclean (1935).
They implied that, provided applied vacuum (sea level) was of the order of 25 inches (125
mm) to 26 inches (100 mm), then consequently;
(i). no significant effects would result with increase of the vacuum level.
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(ii) continuation of vacuum, to prevent a residual air pressure in the charge, after
“flooding” was unnecessary.
That was qualified if (see values above) a “low initial vacuum was applied”.
(iii) Low moisture contents in timber can cause increased resistance to penetration.
Maclean also suggested that, whilst the optimum relationship between moisture content and
treatment result was not known, the former should not be much lower than FSP.
The above conclusions were not supported by the writer’s preliminary research,
conflicted with his theories of a parallel (Chapters 8, 12) to thermal processes. They were
at variance with subsequent results from other workers.
This writer’s conclusions were in agreement with other workers (Kollman and Cote,
[1968, p. 145], Siau [1984] with the latter citing Comstock’s recommendations. Both
sources discuss problems of air bubble/liquid interfaces at pore openings. Harrow (1947)
recognised both cause and effects of “kick-back” and this writer used his findings as a
measure of de-aeration.
Graham (1964) recognised the effectiveness of time  of evacuation under a standard
applied vacuum as a basis for testing treatability of Douglas Fir. Garlick (1948) in
development of a simple vacuum treatment recognised there was a major significance in the
level of applied vacuum, quoting vacuums between 125 and 50mm and  emphasised the
effect of a high efficiency vacuum pump.
Author’s note; this apparent anomaly between workers may be explained if, as it
appeared from his  paper,  MacLean (1935) had used spruce, Picea spp., as test species. This
writer (cf. Table 82, Section 14.4.5.i) found spruce was insensitive [similar to Group 1
species {Chapter 12}] to vacuum levels, a result  confirmed for the writer by Dr. D. Belford
(1964) of Hicksons U.K.
14.1.ii. Initial research priorities.
The accumulating evidence led the writer to conclude, similar to open tank thermal
systems (Chapters 8, 12, 13), preliminary research, particularly under controlled laboratory
conditions, should examine vacuum conditions. For this to be effective, the results should
be at both a laboratory (with small and large sizes and lengths) and a commercial scale.
For the laboratory, a visual assessment (cf. Section 14.1.iii.iii) of sequences and
results in tests on vacuum and absorption should be included. That was considered an
important criterion for the study.
Conventional practices in other laboratories were based on standard short times,
vacuums as used in industry and any studies on larger sizes (eg. 0.3m +) were carried out
in metal pressurised units and, consequently, neither the de-aeration nor absorption effects
could be observed.
Pressure cycles (up to 1400 kPa) would be more effectively studied on commercial
systems.
As such, the study was proposed to ascertain;
14.1.ii a. A minimum level and time of maintenance of the applied vacuum may be
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necessary, such that equilibrium conditions may be required to be established. That would
consequently involve methods of and rates of solution flooding relative to maintenance of
the vacuum. Thus, in the first place and concurrent with development of valid models in the
laboratory, the writer examined the comparison of proposed research practices with
commercial operations (cf. Section 14.1.iii).
14.1.ii b. Dependent on results from 14.1.ii a, adequate design parameters, as found for
thermal systems, could be needed for these types of treatment plants in terms of vacuum
pump dimensions and system geometry. A necessary adjunct would be the study of and
allowance for local climatic effects on the water-cooled pumps which were generally
supplied to local plants.
14.1.ii c. Research into  moisture content relationships for these preservatives (CCA)
and process.
14.1.iii. Correlation of significant aspects developed for laboratory models with
commercial operations.
14.1.iii.i Comparison of the treatment results using only vacuum / atmospheric
pressure absorptions with those by vacuum / high applied pressure (to 1400kPa).
It was desirable to confirm proposed laboratory research (vacuum / atmospheric)
would be meaningful.
The author carried out a range of complementary  studies at commercial units, ranging
in size from 10m x 1m, to 20m x 1m, 20m x 2m and 27m x 1.8m. These plants had a range
of design differences, eg. in vacuum pump sizes, pipe line diameters, in their solution
transfer systems and ambient temperatures.
A complimentary project (next below) was the significance of applied pressure
(Harrow, 1947) on absorption rates of solution. The standard applied  pressure was 1400
kPa, but for these studies, management approval was given to study effects (commercial
plants) of not only atmospheric absorption after vacuum, but relatively low pressures of 280
kPa and 540 kPa in addition to the standard value.
Author’s note; these and related studies jointly became part of research into develop-
ment of the Vacuum-Pressure Diffusion Process (cf. Section 14.6)  and establishment of
adequate treatment schedules for local timbers by this (and associated) process.
Varying levels, and times, of vacuum were applied, rates of “flooding” relative to
maintenance of vacuum levels, and with, or without, external applied pressures. Results (cf.
Section 14.1.iii.ii) were based on “nett absorption after kick-back (for applied pressures)”.
They showed;
(a) other than the time of absorption, no significant differences were found between
atmospheric and applied pressures in terms of absorption or gradients.
(b) as indicated separately, short (or low) vacuum conditions increased the gradient
slope when, especially, elevated pressure was used. In general, results followed a similar
pattern to thermal processes.
(c) rates of “flooding” and effects on vacuum levels did have effects on “kick-back”
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(cf. Section 14.1.iii.ii).
Importantly, all studies confirmed the validity of the proposed laboratory program.
(d) optimum absorption times at atmospheric pressures were a function of cylinder
(and charge) volume, but were typically complete in approximately 6 hours.
In the later commercial applications, overnight [12 hrs] or “weekend” absorption (for
building timbers) was used to increase economic utilisation of the (high capital cost)
treatment plants. Routinely this was followed by a short period under pressure. Subse-
quently several plants were designed to operate at low pressures.
(e) the lower pressure levels of 540 kPa (Harrow, 1947) were adequately applicable
to local species.
14.1.iii.ii. Study of results of increased vacuum cycle times on reduction of “kick-
back” (Harrow, 1947).
Concurrent with an extensive program, described later in (Sections 14.2, 14.3) this
chapter, the writer undertook studies on commercial units to determine whether current
vacuum conditions were adequate. If they showed there was significant residual air present
after evacuation then, additional to chemical and plant control (Chapters 10, 11), this would
be demonstrated by  significant increase in “kick-back”, subsequent to the release of
pressure, with the “kick-back” being used as a quantitative measure (Harrow, 1947).
Comparisons were made using extended vacuum times. Table 70 illustrates the differences
using conventional practices and extended times, the latter being part of research on the
“Vacuum-Pressure Diffusion Process” (refer Sections 14.6, 14.7, and Plate 5).
These results confirmed the need for evaluation of vacuum pump capacity on
efficiencies and on rates of evacuation of timbers and systems.
14.1.iii.iii. Additional studies were made into;
14.1.iii.iii a. effects of rapid flooding of solution into a cylinder in terms of mainte-
nance of vacuum within the timber. Under conventional operations, a typical loss of 25mm
+ in the vacuum resulted. This was partly due (see text) to dissolved air in the solution,
accentuated by the “blow back”, but was also due to air entrainment. The problem was
solved by continuation of applied  vacuum during  solution “flooding” with the latter at
controlled rates (cf. Section 14.6) so no loss of vacuum did occur. This aspect was one cause
for the author’s study into vacuum pump capacities. Preliminary laboratory research
(Appendices 36, 37) was made in system 3a (Diagram 3a).
Table 70
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Effects of times of maintenance of vacuum, at 100-75mm,
upon “kick-back” in commercial treatments (note 1).
charge data (note 1).
process vol. vacuum pressure kick-back
m3 mtce.(a) mtce.(a) litres
conventional 6.31 15 60 91
full-cell std. std.
vacuum press. 6.60 90 61 49
diffusion
percent reduction 46.2%
note 1. Mean of ten (10) charges. All other conditions maintained constant.(a) time in minutes; std =
standard for all charges.
14.1.iii.iii.b. Studies on vacuum  cycle factors in the  full-cell process, including by
laboratory systems.
The commercial assumption of adequacy  of a short time of application of the vacuum
was tested, initially under laboratory conditions using system 3a, but studies were
subsequently extended to system 3b (Diagram 3b, Plate 4) and on a commercial scale.
Embedded manometer lines were inserted into central axes  of boards. Similar studies into
evacuation rates of both the system and timber, including rates of vacuum penetration into
timber, were then examined. This phase also included studies of pump capacities in terms
of the final vacuum levels attained in timbers. They confirmed (cf. Section 14.2) both the
hypotheses and process similarity to thermal systems. Table 71 illustrates need for extended
times.
14.2. Research Programs.
Studies were initiated on laboratory (Section 14.2.i) and commercial levels (Diagram
4) and using laboratory sample lengths to 1.8-2m (Plate 4), to examine and quantify the
writer’s theories. Results  confirmed their validity.
Experimental procedures and systems used were developed in four stages  (Appendi-
ces 36, 37). The importance of and significance in the author’s use of glass QuickFit, “QF”,
modules (suitable to 500 kPa pressure) is shown, so  enabling direct visual assessment of
effects (a situation not met by conventional metal cylinder construction).
14.2.i. Evaluations of significant aspects of treatment cycles included;
14.2.1.i. the vacuum cycle (cf. Section 12.4, Chapter 12 re “effective orifices”) in
terms of time of attainment, levels of applied vacuum achieved, and final efficiency of
extraction of air from both the empty system and one containing timber.
14.2.i.ii. levels of, interactions of, the time factors involved with vacuum cycles and
effects on absorptions.
Table 71
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Experimental conditions in comparison of evacuation of
700 x 100 x 25mm end-sealed specimens (b) of spotted gum
sapwood at varying levels of applied vacuum relative to
the treatment system. (a)
data series number
1 2 3 4
applied vacuum (cm Hg.) 10.8 4.6 3.3 2.9
barometric pressure cm 76.2 76.2 76.3 76.3
ambient temp. deg. C. 21.0 24.0 22.0 24.0
time (mins.) for cylinder (i)
gauge to show steady state. 1.75 3.67 3.0 4.16
time (mins.) for manometer in
board  centre to maximum vac. 51 46 45 44
max. vacuum (cm) attained
in wood (low capacity pump). 11.5 5.8 6.3 5.8
notes;
(a) with low capacity vacuum pump. Empty cylinder volume 17.52 litres (S.T.P.), measured by water
(total volume).(b) specimen dimensions expanded to 1.8 - 2.0m x 50mm thick in separate studies.
(x) after Cokley and Smith (1965a) (i) means of multiple readings by stop watches.(ii) manometers and
cylinder gauges intercalibrated.
The latter is measured by total solution flow, but the author concluded the final
distribution of both water and preservative would be more effective if visually assessed  and
determined quantitatively, supported by confirmation using appropriate procedures, in-
cluding chemical. These  included salt gradient analyses, moisture content changes and with
similar tests on solution changes.
14.2.ii. In summary, the programs involved;
14.2.ii.i. Procedures and results of preliminary research [Section 14.1.i.iii] and studies
in system 3a (Diagram 3a, Appendix 36)  are summarised in Table 72 (Appendix 37) and
in Graph 51 (Cokley and Smith, 1965a,b, Cokley, 1979)). The results confirmed (semi-
quantitatively) the author’s premises may be valid. They indicated there was evidence of
significant positive increases in both rates of evacuation of timbers and empty system.
Positive results on absorption were found. Studies covered a wide range of species and
14.2.ii.ii. This led to design of a system (Diagram 3b, Plate 4, Appendix 36) where
plant situations, including scaled dimensions, could be modelled in terms of vacuum
effects. Extended length timber specimens up to 1.8m-2m could be tested. The procedures
(Table 72) were followed on quantitative bases, with results including commercial
applications, discussed (cf. Section 14.1.i.iii and later text) in this chapter.
14.2.ii.iii. Influence of specimen length on vacuums  (and times) attained at the centre
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of spotted gum boards (25mm thickness).
Author’s note; studies included multiple thicknesses, but results using 25mm have
been standardised in discussion, giving comparison with thermal data in Chapters 12, 13.
An integral part of the studies, similar to the open tank systems, related to influences
of specimen dimensions on de-aeration results. An effective protocol of end-sealing was
necessarily developed due to high applied vacuums. By contrast, there was a need for
specimens utilised in vacuum research carried out in the system 3c (Diagram 3c) to be
principally, and significantly, only under an “end-grain”, or “longitudinal”, influence in
evacuation. The study included preliminary experiments to be carried out in  laboratory
system 3b (Diagram 3b) to test end-sealing requirements (cf. Chapters 12, 13) with the
manometer tube inserted to a distance of 25mm from the sealed end.
Typical results (low vacuums of the same order as found in the thermal processes) are
shown in Graphs 52a, 52b as functions of both pressure differentials “pd” and time in
minutes for equilibrium at the board centre relative to length. The effects found  were highly
significant up to 100mm and significant to 200mm  from unsealed board ends. Multiple tests
confirmed the efficacy of the end-sealant (an epoxy-asbestos mastic applied as several coats
and polymerised at ambient temperatures [some pre-treatment directly on ends of certain
species was required]). Study extended to very high vacuums with similar results and to
thicker specimens (discussion is limited to only 25mm thickness [refer Author’s note])
14.2.ii.iv. A separate unit (not shown) was designed to study the hydrostatic effect of
solution pressure on vacuums  in development of the Vacuum-Pressure Diffusion Process
(Section 14.6). Results from this did confirm evidence based on similar studies with the
glass cylinder and experimental data obtained from commercial cylinders (management
approvals and administrative arrangements were required as  plants were legally certified
pressure vessels). As such, that unit  is not further discussed in this text.
14.2.ii.v. Consequently, a special system   (Appendix 36, Diagram 3c)  was designed
by the author to enable a quantitative evaluation of aerodynamic parameters, which are
subsequently described.
The significant theoretical relationships necessary for derivation and evaluation of the
data are nominated in Appendix 38. The studies (including 14.2.ii.iv) jointly formed bases
(Cokley, 1976) on which amendments to plant operating practices, designs and resultant
efficiencies, were developed for subsequent commercial scale trials.
14.2.iii. Research results obtained are discussed and summarised under six interrelated
topics, namely;
14.3. Aerodynamics of evacuation of a system.
14.4. Fundamental relationships in de-aeration of timber specimens under applied
vacuums.
14.5. Factors affecting the design of vacuum pumps and de-aeration of commercial
cylinder systems. Influence of vacuum pump capacities upon vacuums attained in timber
samples.
14.6. The Vacuum-Pressure Diffusion Process.
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14.7. Application of research data to commercial plant design and operations.
14.8. The moisture contents and treatment schedules appropriate to the “full-cell” (and
14.3. Fundamental aerodynamic parameters in evacuation of a system. Influence of
level of an applied vacuum and the establishment of a Critical Velocity Point “Spc”.
The aerodynamic symbols, units employed and their further derivatives are defined in
Table 74, Appendix 39. This research was based on results with system 3c (Diagram 3c) and
experimental procedures (Appendices 36, 37).
Results (and  the derivations) are detailed in Table 75 (Appendix 39). All measure-
ments were converted to S.T.P. under dry air conditions. In view of the legal (Chapter 2)
importance and originality of the research conducted, independent  confirmatory  statistical
analyses (Cokley and Smith, 1965a), including ANOVA tests, were made and are illus-
trated by Table 79 - 81 (Appendix 41).
14.3.a Gas expansion laws applicable for the  research conditions.
To validate measurements and derive effective statistical data, it was necessary to
examine whether air expansion (as finally collected), under the applied vacuums and for the
total system, was either adiabatic or isothermal. The requirement is examined in Appendix
38 [Sections 3 and in particularly 3(b)]
Results of experimental measurements when applied to the requirements set out in
Appendix 38 [Section 3(b)] proved that the expansion and collection were isothermal. Thus
the gas law (Appendix 38) utilised by the writer was;
p.v = constant
14.3.i. Occurrence of a “Critical Velocity Point”, “Spc” in evacuation of a system.
The results showed there was a significant influence of applied vacuum upon the rate,
effectiveness and absolute values of air extracted from the system. This was shown to occur
at a nominal value of 4.5cm of applied vacuum. It was independent of whether the system
contained a wood specimen or was empty.
When analysed for the volume rate of evacuation from the system, an analysis of
variance (Table 79, Appendix 41) confirmed the differences for this and higher values of
vacuum were highly significant (p = 0.001 level) from the lower levels of vacuum tested.
p” and Relative Velocity of “Rp
to R13.5”  illustrate the significance of that change at values of applied vacuum  p = or <
4.5cm.
14.3.i.i. It eventuated that a “Critical Velocity Point” did exist at which extraction
conditions were optimum. Though the author had not symbolised this term in earlier reports,
it is nominated in this thesis as “Spc” and similarly the “Critical Vacuum Point” (Section
14.4) is termed “Vpc”. The two points had values, dependent on statistical analyses, which
ranged from 4.3 to 4.7cm and from 2.35 to 2.7cm respectively, with mean nominal values
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of “4.5cm” and “2.5cm” in terms of applied vacuum.
Author’s note; all vacuum pressure data were recorded in mm of mercury, but, for ease
of calulation, are generally cited as cm of mercury.
This optimum point, “Spc”, was shown to be a function of:
(a) effect of vessel design with respect to its diameter and length, as well as the
relationship of outlet duct diameter and its length on the attainment of vacuum conditions
in the system.
(b) efficiency of vacuum pump system in extraction and in overcoming of resistance
to flow.
14.3.ii.  Physical and statistical examination of data relative to occurrence of the
“Critical Velocity Point, Spc”.
As indicated (Section 14.3.1, Table 79, Appendix 41), experimental results gave
evidence of occurrence of this point at a nominal value of applied vacuum “p” of 4.5cm. To
confirm that conclusion and to examine the physical significance of that critical point,
statistical analyses were made, of which representative and significant ones are described.
In such, the analyses are cited in terms of parameters important in air movement in, or from,
a system.
They emphasise;
a. Kinetic Energy relationships.
b. air velocities, mass rate of flow, momentum and influence of resistance coefficients.
These are related to air density at each level of applied vacuum.
c. system geometry, reflected in the Euler and Reynolds Numbers (Appendix 39).
d. Correlation of the Darcy-Weisbach coefficient, “jp”, (equation 14.1) with the above
(and related factors) (Appendix 39).
As all measurements were converted to S.T.P.;
pd = (760 - p)
Selected air flow equations from those used in the analysis include:
(i) General Equation of Flow (Rouse, 1949)
P1 - P2  = j . (L/d) . (sg V
2) /2      (14.1)
(ii) The Hagan-Poiseuille Equation for Laminar Flow in a pipe of circular cross-
section (Binder, 1971) where “pd” is the pressure drop;
pd = 32 u . (L/d
2). V                (14.2)
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14.3.ii.i. Use of the term “Relative”.
Dependent on pressure, air is compressible or expandible.  Thus, in defining certain
parameters and in   discussion, the writer has introduced a term “Relative” to indicate:
“The air movement is an evacuation due to a negative pressure differential when
considered in terms of vector properties. It is not an effect of an applied positive pressure
differential. It is efflux from a region of low pressure through the vacuum pump to
atmospheric conditions”. As the total air movement is (Appendix 36) an evacuation from
a closed system to atmosphere, there are negative and positive vectors involved.
14.3.ii.ii. there was a correlation (Graph 54) between Experimental Linear Efflux
Velocity “Vp p” (Table 74).
14.3.ii.iii. there were significant changes in  results and flow characteristics, based on
“Vp /(p x 10
-1)”, for values of “pd” > or = 71.5cm (Graph 55), where “pd” is defined as in Table
74.
14.3.ii.iv. Interactions of the Kinetic Energy, “K.E.” and related units with the
“Critical Velocity Point”.
14.3.ii.iv.a. For values of “pd
non-linearly (Graph 56) with decrease in “pd”.
Above that value (pd = or > 71.5 cm), there is a highly significant linear correlation.
That linear relation was of the form;
pd  =  75.9487 - 2.8426 K.E. (14.3)
r = O. 9882 ***
Hence,
sgp . (Vp)
2  =  53.4361 - 0.7036 pd       (14.4)
14.3.ii.iv.b. Mass flow rate, “[m]p”.
As “[m]p” is mass flow rate (mgm/sec) of efflux (Tables 74, 75), for values (Table 75)
at applied vacuum pressure “p”cm and as;
[m]p    = sgp .vp
the correlation between “[m]p” and “pd” was examined.
For values of “pd” = or > than 71.5 cm, a linear relation (Graph 57) exists of the form;
pd = 76.1183 - 1.5598 [m]p (14.5)
r = 0.9985 ***
Below that point, relationships decreased non-linearly.
14.3.ii.iv.c. Relation of the  Momentum “Ms” (subscript indicating the system) to the
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Critical Velocity Point.
As Kinetic Energy, “K.E.”, mass flow “[m]p” and volume of efflux “vp”, were all
shown to be significantly affected by “Spc”, the Momentum “Ms” was also tested against this
value. It was found to vary similarly to the other units, with a change at “p4.5” cm. A linear
relationship (Graph 58) was present at the higher vacuums (p = or < 4.5 cm).
p”, the Kinetic Energy
of Efflux “K.E.”, and Pressure Differential “pd”.
From definitions (Table 74),
[(ENp)
2 . pd] / K.E.  =  1         (14.6)
From the experimental data (Table 75) the value was determined as a constant value
of 1.0056 +/- 0.0097.
p” and the Kinetic
Energy, “K.E.”, is an inverse value of the pressure differential, “pd”.
14.3.ii.v.i. The relationship between Relative Reynolds Number “Rp” and Relative
Euler Number “ENp” (Table 74).
These two units express air flow conditions in a system.
When “Rp” is expressed as the Relative Unit Reynolds Number “R1p”, it has a
relationship to “ENp” of;
ENp /R1p = [Vp /(2pd /sgp)
1/2] / [(sgp. Vp) / u]  (14.7)
If “u” is shown to be constant and by definition;
sgp = (sgo . p) /76.0
then (ENp /R1p) = constant / (p.pd)
1/2          (14.8)
where the constant  = u. {(38/sgo)
1/2}
= 0.0293
This is in agreement with the results (0.0293) calculated on the experimental data
(Table 75).
Hence, for the total system, “u” is constant and thus, as “u”, “sgo”, “L”, are constant
for the system, then:
ENp . [(ppd)
1/2 ] / Rp   =  0.0293 L
-1       (14.9)
The relationship in equation (14.9) may be stated as:
“When a system is evacuated through a duct of length “l” to atmosphere, such that there
is a pressure differential “pd
atmosphere, then the ratio of the Euler Number “ENp” to the Reynolds Number “Rp” is an
inverse function of the square root of the Pressure Product “ppd”.
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For any system of a fixed length of duct and geometry of outlet, this ratio is a constant
irrespective of the level of applied vacuum. This relationship shows the major significance
of duct length on the aerodynamic efficiency of a system under evacuation conditions. The
author has termed it:
“The Equivalence Equation of Evacuation of a System by Discharge through a Duct
to Atmosphere”.
The importance of this (and relations of “jp” [Section 14.3.ii.vii.]) is to confirm that
vacuum-pressure systems follow standard aerodynamic formulae and (Diagram 4), treat-
ment plants should be designed using those precepts.
14.3.ii.vi. Significance of the Hagan-Poiseiulle Equation in evacuation of a system.
14.3.ii.vi.i. Relation between “Vp” and “pd” at and above the “Critical Velocity Point”.
Equation (14.2) gives this relationship under conditions of laminar flow. Over the
range of vacuum pressure studied, value of “u” (for isothermal expansion, Section
14.3.ii.v.i) is shown to be constant.
Hence, for laminar flow in any system of fixed geometry;
pd = k . Vp                     (14.10)
This was tested for values of “pd” above and below values of “Spc” (4.5cm, i.e. where
“pd” = 71.5cm).
14.3.ii.vi.ia. For “pd
0.3560 +/- 0.0058.
14.3.ii.iv.ib. For “pd” values less than 71.5cm, values of “k” increased inversely with
“pd” over a range from 0.4461 (pd = 70.8cm) to 0.7977 (“pd” = 62.5cm). The conclusion has
been reached that, for values of “pd” equal to, or greater than, 71.5cm, (vacuums from 4.5
cm to 0.4 cm), the air flow satisfies equation (14.2) and is considered to be laminar.
14.3.ii.vi.ii. It is concluded that, below the value of “Spc”, some applied pressure
differential is dissipated in overcoming resistance to air flow and two synonomous terms
were defined to express this. They  are;
The “Effective Pressure Differential” or the “Effective Level of Applied Vacuum”.
Each is the resultant between the Applied Pressure (or Applied Vacuum) Differential
and that dissipated in overcoming resistance to flow. The data show “Effective Pressure
Differential” has a maximum efficiency at, or above, the Critical Velocity Point.
14.3.ii.vi.iii. Similarly, for internal conditions in the vessel, by definition (Table 74)
k  = (D/d). (pd / Vp)             (14.11)
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where D, d are the respective diameters.
Hence the internal velocity flow is a function of the relative diameters of the orifice
duct and the system (cylinder).
14.3.ii.vii. Significance of Darcy-Weisbach Resistance Coefficient “jp” in the general
equation (14.1).
By definition (Table 74)
jp = d / { L.(ENp)
2}              (14.12)
1 / (ENp)
2  = 2pd / {(Vp)
2 . sgp}    (14.13)
As the system is of fixed dimensions,
d /L  =1/670
and thus;
jp = (2/670) . (pd /Vp) . { 1/ [(Vp). sgp]    (14.14)
and 335 . jp . [(Vp)
2. sgp] = pd              (14.15)
When the values of “jp
inclusive of values of “Vp” and “sgp
were constant for all “pd” values. Then;
335. [jp {(Vp)
2 . sgp}] /pd = 0.9952 +/- 0.0104   (14.16)
14.3.ii.vii.i. There are, however, significant changes in the separate relationships of
“jp” to “pd”, “sgp”, “Vp”, such that they are increasing, a minimum, or linear.
When values of”jp” (Table 75) are tested against “pd”, they reached a minimum at
“pd71.5” but increased above and (linearly) below that value.
There were corresponding relationships for “Vp” and “sgp”, such that there is a
minimum at 71.5 cm, an increase above, and a linear value below that figure for those
parameters. For all three of these relationships, increase at the higher vacuums levels is
approximately exponential.
Graphs 59, 60, 61 show, for values of “pd” less than 71.5cm, “jp” has, in terms of those
units, an inverse relationship to “pd” and to “Vp”, but an increasing one to “sgp”, which latter
are statistically linear.
14.3.ii.vii.ii. As the value of “k” (equation 14.10) is constant for values of “pd” at, or
above, the value of pd = or > 71.5 cm, then;
pd = 0.3560 .Vp
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and, as the value of “Vp” does not vary significantly above “Spc”, then equation (14.16)
may, as a first order approximation, be expressed as being equal to ;-
jp = function of (sgp)             (14.17)
Thus, above “Spc”, air density appears the principal influence on “jp”. Below “Spc”, the
value “jp” varies linearly. Over this range;
jp  = (lf) of {sgp, (Vp)
(-1), (pd)
(-1)}    (14.18)
where (lf) = linear function.
and the term (-1) indicates a reverse relationship.
Equation (14.18) may be stated as;
“Below the Critical Velocity Point “Spc”, there is a change in relations of “jp” with
values for the Effective Pressure Differentials”. Below “Spc”, equation (14.18) may be
defined as the quantitative measure of a change in “Applied Pressure Differential” or the
“Applied Level of Vacuum” with respect to the system and “jp”.
14.3.ii.vii.iii. Relation of mass rate of flow “[m]p” and the Darcy-Weisbach Resistance
Coefficient,  “jp”.
The significance of the relation expressed in equation (14.5) is in terms of the Darcy-
Weisbach Resistance Coefficient “jp”. As Mass Flow Rate of Efflux, “[m]p”, is a function
of “sgp” and “vp”, (Tables 74, 75), its relationship to “jp” was examined. The author found
a relationship for “[m]p” similar to relations of “jp” with “sgp”.
This, as for the relations of “sgp” with “jp”, leads to the conclusions ;-
(a) there is a change in physicochemical relationships of the air and the system at this
value of p = 4.5cm. This is the value of the “Critical Velocity Point”, “Spc”.
(b) due to the above, from “Spc
expanded air molecules from the system for discharge through the orifice and duct. Hence,
at this point, there is an equivalent decrease in the “Effective Applied Pressure Differential”
relative to levels of the applied vacuum pressure. In consequence, in addition to overcoming
line resistances, vacuum pumps must have adequate capacity for this decrease. Vacuum
pumps are generally classified in terms of their air volume capacity rate which decreases
with increase in level of applied vacuum.
14.3.ii.vii.iv. The overall conclusion reached is that the Darcy-Weisbach Resistance
Coefficient “jp”, when applied to evacuation of a system, represents not only conditions
relative to the resistance of air flow through a duct, but, in addition, it also expresses
resistance due to the expanded state of air molecules, or change in physicochemical
relationships.
14.3.iii. Characteristics and definition of the “Critical Velocity Point”, “Spc” may be
summarised in the following terms.
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“The level of vacuum applied to a system by a vacuum pump through a generally
(a) Gas flow is laminar, satisfying the Hagan-Poiseuille Equation.
(b) Volume rate of Efflux, Relative Velocity Rate of de-aeration, mass rate of flow and
Momentum of the system are at a maximum. Change (increase) in their value may be
considered as primarily caused by a decrease in the air density, or by change in
physicochemical relationships of the evacuated air.
(c) The Linear jet velocity of efflux “Tvp”, the Linear jet velocity “Vp”, and the Kinetic
Energy of Efflux, “K.E.”, are either a constant value, or a linear function relationship, of
Applied Pressure Differentials, “pd” cm, in the system.
(d) The absolute value of “Spc” is, for any system geometry, dependent on attainment
of the “Effective Pressure Differential”. This is a function of  “Effective Capacity” of the
vacuum pump and hence (Section 14.5) the capacity of the pump at a required level of
evacuation.
(e) When separately tested against “Vp”, “pd” and “sgp”, resistance to air flow, as
measured by the Darcy-Weisbach Resistance Coefficient, “jp”, is at a minimum value.
(f) Above “Spc”, the values of “jp
gravity of the air, or  change in its physicochemical relationship in the system.
(g) Below “Spc”, relationships of “jp” to air density, velocity, to mass flow rate and
pressure differential are linear.
These differences are attributed to a decrease in the “Effective Level of Evacuation”
caused by loss in vacuum pump capacity. This latter is considered as being due to
dissipation of capacity in overcoming resistance to flow and to increase in mass per unit
volume of air efflux.
(h) The “Critical Velocity Point” occurs (S.T.P.) at a nominal vacuum of 4.5cm and
is shown to be a controlling parameter in de-aeration of a vacuum treatment plant. Below
the value of “Spc”, evacuation efficiency (see text) decreases rapidly.
Neither the existence of, nor significance of, a Critical Velocity Point in these systems
(for vacuum/pressure treatments of timber products), has been reported by other workers.
A similar claim is made with respect to the Critical Vacuum Point “Vpc” (Section 14.4).
Section 14. 4. Fundamental relations in the de-aeration of timber specimens under an
applied vacuum.
14.4.a Studies cited (Cokley and Smith, 1965 a,b) showed there also existed a “Critical
Vacuum Point, Vpc”, with respect to de-aeration of timber specimens in the system. This
Critical Vacuum Point “Vpc
properties.
Numerous studies have been made using gas and fluid flow through wood (Stayton and
Hart, 1965, Wardrop and Davies, 1961, Tesoro et al, 1966, Choong et al, 1972, Wilfong,
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1966) and, in certain cases, utilised a term, “The Darcy Permeability Coefficient” (Nicholas,
1972), in their theoretical calculations. However very little research had been carried out
on the influence of applied vacuums on wood de-aeration.
14.4.b. The Paradox of wood density in air flow formulae and in relevant calculations.
There is an apparent paradox in that, whilst the wood density, or specific gravity, is a
factor in almost all determinations relative to properties and functions such as moisture
content and void volume, that term does not appear in the general equations of flow (Section
14.3.2), including Poiseuilles equation. Consequently, it does not appear in the derivations
of evacuation characteristics discussed in Sections 14.3 and 14.4.
That paradox was emphasised in development of effective treatment schedules and in
the research into moisture contents at, or above FSP (Chapter 12), for this “full-cell”
process, where treatment groups (Chapter 12) found for open tank, especially thermal, were
applicable. That also applied to the Vacuum-Pressure Diffusion Process (Section 14.6),
developed concurrently with modifications in commercial plant design (Section 14.7)
which resulted from this research.
The writer examines this anomaly (Section 14.4.5) and he establishes that, in
preservation, the “Void Volume” for calculation of “contained air” is related to density and
in de-aeration of wood, “permeability” (Chapter 8) is the controlling factor. In contrast,
“porosity” (Chapters 8, 12) and “accessible free paths” (Chapter 12) are the significant
criteria for uptake of preservative solution.
In illustration of the absence of a term for  density in the equations of flow, the writer
cites Siau (1984), who describes (pp. 175 et seq.) mathematical treatments for unsteady
gaseous flow where, in contrast to  discussions on heat or moisture, density does not appear
as a term. That writer (p. 181) cites work by Park (1970, s.n.r.) on unsteady gas flow which
led to the possible conclusion that wood is not a uniformly permeable medium and
illustrates that by reference to treatment of the red oaks. He quotes (pp.181-182) studies by
Sebastian (1973).
Author’s note; it is appropriate to indicate that though, when this research was carried
out, the subsequent extensive references data, described above, were not then available, that
evidence has been used in evaluation of research results in this thesis.
14.4.c. In this section, the bases on which this point, the Critical Vacuum Point, “Vpc”,
and its properties, are described and the aerodynamic significances examined. The
experimental system 3c was used (Diagram 3c) with specimens as described and for which
the physical properties such as density, moisture content, saturation moisture content, air
void volumes, were determined as in Appendix 38, with derivations of relevant formulae
and relationships in Appendix 38. An experimental mean saturated moisture content of
46.4% was determined, as compared to mean theoretical value of 47.5%.  but certain
pc”, were (Section 14.4.5.1)
additionally examined by using system 3b. The relevant symbols and units are described
in Table 76 (Appendix 40) with experimental and derived results in Tables 77, 78 of that
Appendix.
Author’s note;  To determine the Critical Vacuum Point, of the total eleven sets of data
(“p”cm), four would be statistically important in testing, particularly those over the region
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“p2.5” to “p4.5” of applied vacuums.
The primary need was to statistically evaluate that relations between those four values
in terms of data compared to data below them, eg. higher, or lower, “pd” were validly
deduced. Hence, for confirmation, extra statistics and evaluation (see text)  of some
additional significant aerodynamic criteria were employed.
14.4.1. Derivation of relationships for  characteristics of the  Critical Vacuum Point,
“Vpc”.
The writer determined relationships as follows;
14.4.1.i. Relation between applied vacuum and Efficiency of Extraction, “E”, and
“EA%” (Table 76, Appendix 40)  of air from specimens.
Author’s note; though multiple specimens were used in the research program, the text
will refer to “specimen” in the discussions.
14.4.1.i.a.  air in the specimen gave a higher resistance to flow  under applied vacuum
than the air in the vessel.
Typical results are shown in Graph 62, which also illustrates the difference in
extraction rates and absolute volumes of air extracted from the empty system relative to one
containing a specimen. As rates of extraction above “p2.5” were such as to enable only the
total times, volumes and rates  to be recorded, data are shown  for “p5.2” cm and “p8.2” cm.
It will be noted the slope of the curve is reduced as levels of evacuation  increase.
14.4.1.i.b. there was a highly significant relationship (0.001 level) between “E”,
“EA%”, and “p” cm, and the effect was most significant for values of “p”  > 2.5 cm, i.e. for
lower levels of applied vacuums (3.0 - 13.5 cm). Typical ANOVA values are cited in
Appendix 41.
14.4.1.ii. The Effect of Applied Vacuum on “EA%”.
Results are shown in Graphs 63, 64. Statistical analysis showed that;-
14.4.1.ii.a. for values of “p” < or = 2.5cm there were no significant differences between
values.
14.4.1.ii.b. A significant difference (at 0.01 level) was present (Table 80, Appendix
41) between “p2.5” and “p3.0” and also “p4.5”. This difference increased (0.001 level) for
lower vacuums.
14.4.1.iii. Determination of Critical Vacuum Polnt “Vpc”.
The hyperbolic relationship (Graph 64) between “EA%” and “p” was transformed into
a linear equation of the form;
p /EA% = ap + b                          (14.19)
This was tested for values of “p” above, equal to, and below, an applied vacuum of
2.5cm. Two linear equations were developed, where “p” was expressed in millimetres.
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These were;
for “p” < or = 25mm;
p /EA%  =  0.0lO5p - 0.0024 (14.20)
r = 0.9978 ***
and for “p” = 30 mm to 135mm;
p /EA%   = 0.0268p - 0.4175 (14.21)
r = 0.9938 ***
These linear transformations are shown in Graph 65. The vacuum level for the point
of intersection (equation [14.23]) was defined as the Critical Vacuum Point, “Vpc”, for
which co-ordinates were determined and;
p / EA%  = 0.2650 (14.22)
hence  Vpc   = 25.4663mm (14.23)
14.4.1.iv. Influence of applied vacuum “p”cm on Volume Rate of Extraction, “Q” cc/
sec from the specimen.
14.4.1.iv.i. Data (Table 78) were analysed and a general relationship (Graph 66)
[compare Graphs 53a, 53b] was transformed (equation [14.24]) to;
p = function (p. Q1/2) (14.24)
for “p” < or = 2.5cm,
p  = 0.8468 (p . Q1/2)  - 0.0116 (14.25)
r = 0.9998***
for “p” > or = to 2.5cm,
p = 2.9419 (p . Q1/2) - 6.3742 (14.26)
r = 0.9638 ***
The lines intersected at a point whose co-ordinates were:
p  = 2.5601cm
and   p . Q1/2 = 3.0369
and hence the values of the point of intersection are;
p   =   2.5601cm (25.601mm)
Q   =   1.40 cc/sec
This value of “p” is, of the same order as the nominal value of the Critical Vacuum
Point.
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14.4.1.iv.ia. The relation was also examined in terms of pressure differential, “pd”, and
the product “p.Q”. This showed (Graph 68) a significant difference occurred at a “pd” value
= or > 73.5 cm, which corresponds to “Vpc”. For “pd” values below that, there was only a
14.4.1.v. Relation of Kinetic Energy of Efflux from the specimen.
A relationship (Graph 69) was found similar to the one determined for the Critical
Velocity Point “Spc” (Graph 56), except that for Graph 69, the linear relationship occurred
only over values of “p” = or < than 2.5cm.
14.4.1.vi. The Significance of the Critical Vacuum Point on de-aeration. Relation of
evacuation characteristics of the system and Volume Rate of Evacuation of the specimen.
The writer found (Section 14. 3) the Critical Velocity Point “Spc” bore a highly
significant relation to the volume rate of efflux and the momentum of the system.
The Critical Vacuum Point “Vpc
a significant relation  to the Volume Rate of Extraction, “Q”. “Spc” has a nominal value of
45mm, but “Vpc” has been shown to have a value of about 25mm.
The effect on “Q” was studied for:
14.4.1.vi.a. Relation with the Momentum of Efflux of the System “Ms” and “Q”.
14.4.1.vi.b. The Relative Rate of Evacuation “Vp” compared to  “V13.5”, for which
comparative values are shown in Table 78.
Results for both are shown in Graph 70. A significant effect of both parameters was
found with respect to “Q”. The evidence showed:
14.4.1.vi.b.i. Evacuation effectiveness, and  rate, of the air in the specimen was a
function of the conditions of evacuation of the system. Hence any decrease in the efficiency
of the latter is reflected in de-aeration of the specimen. This applies in particular to the
vacuum pump capacity and “Effective Pressure Differential”.
14.4.1.vi.b.ii. aerodynamically, the movement of air in the specimen may be princi-
pally considered as through a series of small ducts, where the length / diameter ratio is
individually very high and there is a nominal total length of about 63mm as the specimens
are primarily under “end-grain”, or “longitudinal”, evacuation at “p” mm external to the
small ducts. There is also a component of flow perpendicular to the axis through ray cells.
It is important to note de-aeration of wood fibre lumina will occur and, similarly, the de-
aeration progressively takes place from cell walls for each tissue type and, for that reason,
total void volumes (Appendix 38) were measured.
14.4.1.vi.b.iii. If the geometry of the system, the duct outlet dimensions (l/d), vacuum
pump capacity, or the time at vacuum, are inadequate to attain  “Vpc”, then  efficiency of de-
aeration is reduced. The value of “EA
initial process conditions were only of the order of 50% efficient.
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The evidence confirmed the writer’s original theories on the cause of variability in full-
cell results, as being, in part, due to insufficient de-aeration of the timber. It also confirmed
the hypothesis that, similar to open tank systems using thermodynamic principles for
thermal evacuation of timbers, there exists a “minimum Critical Vacuum” level which is
applicable for local species and conditions. If so, (Chapter 12) that level of applied vacuum
may be described (Chapter 13) as equivalent to an “effective minimum” in temperature
required for treatment in thermal processes.
It supported the writer’s belief that a mimimum time of vacuum maintenance is
necessary (Sections 14.1, 14.2) for optimum de-aeration of timber, which may be a function
(cf. Sections 12.2, 12.3, Chapter 12 re species treatment groups and Graphs 37, 38) of wood
structure. Provided that an adequate level of “Effective Applied Vacuum” was attained in
the “(l/d)” of a treatment plant, laboratory, and plant, studies (Cokley and Smith, 1965a)
confirmed the Critical Vacuum Point was independent of plant design characteristics. It was
dependent on species characteristics.
For spotted gum, E. maculata, and for similar species, it was (Section 14.4.5)
determined over the range of 25-26mm (related to S.T.P.) with results obtained over a range
of systems. They were, in all cases, subject to attainment of an “Effective Applied Vacuum
Level”.
14.4.1.vii. Relation between Mass Flow, Applied Vacuum Pressure “p” cm and
Pressure Differential “pd”.
It was shown (Section 14.3) that “Spc” characteristics had significant relationships to
mass rate of air flow from the system. As there is a physical inter-dependence between “Vpc”
and “Spc”, the possible interrelation of “Spc”  was examined in terms of the mass flow,
“sgp.Q” (mgm/sec) from the specimen.
Results showed the significant parameter was “Vpc”.
Similar to Graph 57, a linear relation existed between “p” and “p.Q”. For values of “p”
> 2.5cm. a random relation existed (Graph 68).
14.4.1.viii. Correlation of the Darcy-Weisbach Resistance Coefficient “jp” with the
Critical Vacuum Point “Vpc”.
The author has  shown (Section 14.3)  that, with respect to evacuation of the system,
“jp” approached its minimum value at the Critical Velocity Point “Spc”.
As a relation has been shown between “Spc” and “Vpc”, the writer examined a possible
relation between “jp” and “Vpc
correlation,  this was examined with respect to the function “Q”.
In addition, it was (Section 14.4.2.i.i.) demonstrated that, under typical vacuum pump
efficiencies, an applied vacuum of “p” = 2.5 cm, within the system, results in an upstream
value, internal to the specimen, which is equal to “Spc”. As “Spc” was determined to occur
at the nominal value, “p” = 4.5cm, it was felt desirable to test whether “jpw” (the subscript
“w” indicates the relation to efflux from the specimen) was significantly related to “Vpc” or
to “Spc”.
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The general equation is;
pd = jp . (Le / de) . { sgp. Vp
2 } / 2    (14.27)
where, for the specimen,
Le  = effective length of microduct (assumed longitudinal flow).
de  = effective (mean) diameter of orifice.
Vp  = measured linear velocity.
As Le, and de are constant, and
Vp = 4 Q / [ pi . (de)
2 ]
then
pd = [8. Le / (pi)
2. de 
5]. { jpw. sgp. Q
2 }  (14.28)
and
pd = c. ( jpw . sgp . Q
2 )         (14.29)
where    c =  0.8099 Le / (de)
5, and thus
pd / ( sgp . Q
2 ) = c . jpw        (14.30)
Equations (14.27, 14.28, 14.29) show the major influence of the dimensions of,
particularly, “Le” and “de” (the “Effective Orifice Diameter”, Chapter 12) for microducts
in the wood matrix. However (Sections 14.4.b, 14.4.5.), these equations do not include the
wood density.
The experimental data and derived functions were tested in these equations and the
author found:-
14.4.1.viii.i. the term, [pd / (sgp . Q
2)] had a minimum value of 8.7822 x 10-5 at p =2.
5 cm.
For values < or > than p =2.5 cm, the value rose to limits (of experimental data) of;
for pO.4 cm =  48.7585  x 10
-5
P13.5 cm =  43.3636  x 10
-5
p with “Spc”, the author
concluded that;
14.4.1.viii.ii.i. Darcy-Weisbach Resistance Coefficient “jpw” is applicable to air flow
conditions in evacuation of wood. The evidence showed the critical influence on “jpw” was
pc”, at 2.5 cm of applied
vacuum pressure.
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14.4.1.viii.ii.ii. at the value of “Vpc”, the coefficient “jpw” was at a minimum.
14.4.1.viii.ii.iii. as it was increasing from “p2.5” to “p0.4” (expressed in cm), there was
increased resistance in removal of the residual air.
The writer attributes this (Section 14.4.3.i) to change of site (and mass relative to
volume) of air evacuated from, not only the cell cavity, but also from cell walls and change
from a multilayer to a monolayer condition.
14.4.2. The interrelationship between the Critical Velocity Point of a system and the
Critical Vacuum Point in de-aeration of a timber specimen.
Under the experimental conditions, for the test species, spotted gum, E. maculata, the
author found both “Vpc” and “Spc
but were dependent on availability of effective vacuum pressure capacity. They occur
(relative to S.T.P.) at nominal values of 2.5cm and 4.5 cm respectively.
14.4.2.i.  Aerodynamically, the de-aeration of a specimen within the system may be
described as a discharge of air  from a microduct under an applied vacuum pressure of “Vpc”.
This, which is equal to “p2.5”, is external to the microduct, but within the system.
The de-aeration of the specimen within the system is equal to the discharge of air from
an internal pressure, within the duct, of “pin” to an “atmosphere” of “psys”cm.
In that context, the value inside the system is “psys”, and is equal to “Vpc”. The resultant
air discharge is hence equivalent to that through a small orifice under conditions of laminar
flow and maximum velocity.
At the lower moisture contents (Chapter 13), 19% mc, of the study, timber is an
insulating medium, and, in addition to temperature effects,  the writer considered other
criteria should desirably be examined to determine if the expansion from the timber orifices
was, in fact, adiabatic. That (adiabatic expansion) was a condition necessary for the
application (Chapter 12, Appendix 28) in determination of the “effective orifice diameter”
in timber. Those criteria were;
14.4.2.i.i. when the duct diameter is small (< 0.4 x l) to the length, “upstream pressure”
should bear a relation to the “downstream  pressure”. Hence if “rc” is the ratio of the
upstream pressure “pin” to the downstream pressure “psys” (Perry, 1953) then;-
rc = (pin) / (psys)
and rc  = { 2 /[Y +1] } 
 [Y /(Y -1)]         (14.31)
where Y  = 1.401  (Table 76)
and hence rc = 0.528                        (14.31a)
A mean value of 25mm has been determined for the “downstream” value, namely
“Vpc”, and as an “upstream” pressure (Sections 14.4.2.i.ii, iii and iv)  is shown  to be equal
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to “Spc” (nominally 45mm) with a measured value of 47 mm, then the ratio (Levitt, 1958)
of “downstream” to “upstream” pressures is given by;
pin  = (psys / 0.528)                (14.31b)
= 25 / 0.528
= 47.34 mm
The result of 47.34 mm is of the same order as the data determined experimentally.
14.4.2.i.ii. If the expansion was adiabatic, it was concluded that, under these condi-
tions of a “Critical Vacuum Point”, for “Vsys”, applied to the exterior of the specimen, there
is a limiting value of negative pressure within the specimen duct which is equal to the
“Critical Velocity Point”, “Spc”, as determined above.
If that conclusion was correct, increase of “p” to values < 2.5cm should not signifi-
cantly change the effective internal vacuum in the specimen. This was tested using systems
3b, 3c, with the former also used for examination of longer specimens. Results confirmed
that for applied vacuums of “p” to below 1.0 mm (effective maximum vacuum readable with
the single stage oil immersion laboratory vacuum pump), the limiting value (27o C.,
corrected) was 47 mm within the specimen, when spotted gum, and similar species, were
studied. This aspect is subsequently examined in terms of a range of species (Section
14.4.5).
14.4.2.i.iii. If the “upstream” vacuum has a limiting value of “Spc”, determined at a
value of 4.7cm, the writer concluded that the residual air, “a” cc. remaining in the specimen
may bear a relation to “Spc” rather than to “Vpc”.  Possible interactions were examined of;
a. relation of “a” cc. to applied vacuum, “p”.
a.i. It was found (Graph 71) that there were significant differences in values of “a” for
“p” = or < than 2.5 cm relative to lower vacuums, viz. “p” > 2.5 cm.
In vacuum ranges from 2.5cm and higher (“p” = or < 2.5cm) a linear relation existed.
a.ii. for values of “p” = or > 5.2 cm, a statistically linear relation existed.
a.iii. There were significant differences for “p3.0” and “p4.5” cms compared to the values
of “p2.5” and “p5.2”  For values between “p2.5” and “p5.2”, there was a sharp increase (a
curvilinear relation), such that the “tangent” point was at a “p” values slightly greater than
4.5 cm and with an “a” value of about 24 cc.
This corresponds (cf. section, 14.4.2.i.iv) to a vacuum  of the order of “Spc”, rather that
“Vpc”.
14.4.2.i.iv. Relation between  Applied Vacuum ,”p”, and  Mass Flow per sec per unit
wood volume (mg./sec/cc), “x1” (Table 76).
author’s note; A general term, used in the Langmuir and  in similar equations, is “x/
m” (Table 76).
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The wood mass, “m”, is the product of specific gravity, in this instance 1.53, and wood
volume. Thus the term “x1”  is a constant function (x 1.53) of “x/m”, where “x” is equal to
the product, “sgp.Q”. For consistency in text calculations, the writer has used the term “x1”
rather than “x/m” and as the factor of “1.53” is constant for all values, for the simplification
of calculations, it is implied in all derivations and discussions using this parameter. A
precedent in this use of adsorption per unit volume of the adsorbent is cited in discussion
(Findlay, 1944, p.281) of the adsorption of gases by charcoal. This was tested with results
as follows;
a. values > or = to p52 mm, bore  a linear relationship of the form ;
(p / x1)10-4 = 2.8156 p + 79.8428 (14.32)
r = 0.9124 **
b. for vacuums = or < p25
(p / x1)10-4  = 75.476  + 0.1472 p            (14.33)
This was approximately parallel to the “p” axis.
Between the values of 25 mm and 52 mm, there occurred a curvilinear relation such,
that over the approximate range from “p30” to “p52” (decreasing above “p45” to “p52” to
become collinear at about 63mm with the line expressed by equation [14.32]), a sharp
increase was found for values of (p/x1)10-4.
Results are shown in Graph 72, and are of a similar form to  relations of “a” with “p”
(Graph 71).
14.4.2.i.v. Correlation of Residual Air “a” cc and “x1”, the mass discharge (mgm /sec/
cc) per unit of wood volume (Table 76), in terms of applied vacuum level.
In view of the finding that, under an applied vacuum, “Vpc” (2.5 cm), within the system,
a limiting “upstream” vacuum within the specimen was equal to the nominal value of “Spc”
(4.5 cm), it was desirable to test whether the residual air “a” cc was related to “x1” and, if
so, was this a function of either “Vpc” or “Spc”.
The tentative finding, based on Graph 71, was subsequently tested by examining the
relation to the function “p / x1” (refer Section 14.4.2.i.iv), where “x1” has values as defined
in Table 76 (Appendix 40). The relationship, using the product “(p / x1)” [see author’s note,
Section 14.4.2.i.iv], was examined (Graph 73)  and it was found there were two linear
relationships. These two linear regressions were;
(a). for “p” from 0.4 to 4.5 cm,
a  = 0.4063 [(p/x1) 10-4] - 30.1877 (14.34)
r = 0.9862 **
(b). for “p” from 5.2 to 13.5 cm,
a  = 0.0131 [(p/x1)10-4] + 21.8773 (14.35)
r = 0.8773 **
The lines intersected at a “(p/x1)” value equivalent to an applied vacuum of 4.7 cm,
and “a” value of 23.5789cc. This vacuum was of the same order as “Spc”, and confirmed the
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tentative findings based on Graph 71.
14.4.2.i.vi. The author concluded that his hypothesis was correct and that a limiting
“upstream” (internal) vacuum was present in the specimen when an external vacuum equal
to “Vpc” was applied in the system.
However equation (14.31) applies when maximum velocity is equal to sonic velocity
and hence:
The Critical Vacuum Point, “Vpc
face of the wood capillary or microduct system (contained within a vessel) which
establishes an internal upstream pressure of discharge within the duct equal to the “Critical
Velocity Point”, “Spc” of 4.5cm (nominal). Thus, under these conditions, discharge, which
is adiabatic, through the microduct is at sonic velocity.
14.4.3. The Langmuir Function, “x/m”, applied to wood. Moisture content analogies
and significance of dissolved air in preservation.
14.4.3.i. The original Langmuir isotherm equation and a  function, “x/m”,  were
described (Findlay, 1944, pp. 280-284) as an “equilibrium condition between adsorption on
the surface and evaporation, or escape, from the surface of a solid”, as a function of pressure,
and assumed “to be of unimolecular depth”.  This formula could be developed without
“postulating any particular mechanism of condensation and evaporation”. In addition, it
was cited to apply to surface adsorption where the mass  is used as a measure of the surface.
It was extended to solutions.  As it was an equilibrium condition, forces of attraction must
be balanced by forces repelling the adsorbent.
The function “x/m” was further extended to timber. Stamm (1964, pp. 138 - 141)
quotes the Langmuir equation as applicable only to monomolecular adsorption conditions
of type 1 (that writer classifies, pp. 134-136,  adsorption phenomena into 5 classes),
implying a physicochemical relation between the air and the adsorbent. He describes the
“B.E.T.” equation for polymolecular adsorption.
However, it appears wood mass was used in substitution for surface area and,
importantly, the function appeared to be used in the same context as concentration of a
solute in a solvent, with the latter expressed as mass, and not volume.  In measuring
adsorption, Stamm (1964) advises “to use a method involving a closed system that can be
initially evacuated to a high degree to remove adsorbed air”. There was a dearth of literature
on measurement of and sites of the “residual air” volumes in wood. The writer believes there
could be a role for the use of radioisotope techniques.
14.4.3.i.i For wood, the writer considered two unanswered questions (or factors)
existed in a classification as to whether the air contained within the cell wall matrix was
adsorbed in terms of Stamm’s (1964) definition, or whether it was only absorbed. These
were;
(a) difficulty in establishing the difference between adsorption and absorption,  both
of which are based on an equilibrium state.
(b) due to its capilllarity and matrix structure, total cell wall surface, including internal,
is indeterminate in wood, where “void space” causing internal surfaces is a function of what,
by analogy, may be termed the “solid wall packing fraction”. In terms of de-aeration,  the
significance rests in that, as is shown by especially the penetration by water with the
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consequent swelling (from  below and up to  FSP), the cell walls are pervious and can be
correctly termed a “matrix” of space and solid wood tissue. Air has been generally assumed
not to cause swelling.
The implication drawn by this author is that, for timber, the function “x/m” may  not
adequately represent  the internal “void surfaces” in this general equation. It is considered
to be a valid application of the relation of air to total wood mass.
In subsequent discussions, the Langmuir type equations  are used to imply, or  to
indicate, a change of state of air relationships to wood and similarly for discussion (Section
14.4.3.ii) on “Activated Flow”.  If conditions are stable, a relation,  generally linear, exists,
but, if they are unstable, a random relation is present.
An analogy may be drawn with residual moisture content in the wood (Section 12.4,
Chapter 12). For moisture, there is an initial removal, either in the liquid, or gaseous, phase
and (cf. Section 7.4.b, Chapter 7) “dehydration” is finally reached. External conditions,
such as elevated temperatures and/ or a reduced humidity approaching zero, influence the
final equilibrium condition. Isotopes could be applicable in studies of those changes. Care
is needed in this work to differentiate water present as part of a compound. At the critical
(variable with species [Chapter 12]) point of FSP, only the “free” moisture from the cell
lumina and from wall surfaces, has been removed. Below FSP, the condition of “EMC”
applies. FSP may thus be equated to a “saturation value of the cell wall voids” by water,
which is in not only the “bound state
term extends to water “contained” within the wall matrix. EMC (Chapter 7) is an
equilibrium function between that moisture content and Relative Humidity (RH%) of a
surrounding atmosphere.
For this context of its relativity to the surounding air, the author suggests that “EMC”
may be equated to an equilibrium of the separate concentrations between two solvent phases
(wood matrix and atmosphere), a phenomenon common in analytical methods for extrac-
tion of dissolved substances. For the air contained (Section 14.4.3.i.ii.a) in a wood
specimen, this may be equated to an equilibrium with the atmospheric pressure (and RH%)
and/or a change in that pressure (Henrys Law [Findlay, 1944, p. 513]). For this, the
Langmuir equations are considered to apply.
14.4.3.i.i.i. Moisture gradients occur in a specimen unless it is saturated, is in an oven
dry state or  equilibrated under constant RH% conditions. Gradients do not apply if the
surface/thickness ratio is high, or if the specimen is under a direct “end-grain” influence.
The practical implication of EMC is that, being a state of equilibrium with the
surrounding atmosphere, there is what the author describes as “ moisture diffusivity” from
the “core” to the surface. That means, unless the above conditions for an absence of a
moisture gradient are met or the analysis of “Contained Air” is based on the cross-sectional
(mean) moisture content values, there exists an air gradient within a specimen. For this
discussion, the  cross-sectional (mean) values are implied.
14.4.3.i.ii Alternative Concepts, and definitions, in the air content of timber.
To allow for these  apparent paradoxes stated in Section 14.4.3.i.i, the author has
developed a wider concept and sub-concepts (Section 14.4.3.i.ii.a.ii), and nominates a term
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- the “Contained Air” - to describe the air content of timbers in especially de-aeration by
any method.
Author’s note; in this, and associated discussions, the term “air” is interpreted to
include its constituents and their separate physicochemical reactions, especially for
“embedded” and “dissolved” fractions of “Contained Air”.
14.4.3.1.ii.a. Analysis of distribution of the “Contained Air” in a timber specimen.
14.4.3.i.ii.a.i. Significance of “Dissolved Air” in wood preservation. Relationship of
Void Volume formulae.
Void volumes (Maclean, 1935, Stamm, 1938)  are based on residual “free space”, other
than space containing water. That includes moisture contents below FSP. However, within
normal accuracy required, when these formulae are used they assume zero air content when
the specimen is at “saturation moisture content” values and a maximum of air at zero
moisture content (anhydrous).
The first assumption (at saturation moisture) ignores the air content of the water
contained within lumina as well as both on the surface of and within cell walls when  wood
is in equilibrium with the surrounding atmosphere, except when the water  has been de-
aerated by a vacuum pump, or other (eg. by thermal) process.  For normal void volume
calculations, the resultant error is equal to saturation concentration of air, namely about 2%,
in water at S.T.P. The writer has quantified this dissolved air by the term “xds”. In the
evacuation of a specimen, especially below FSP, the order of “xds” is small, but for hydraulic
pressure applications, as used in full-cell treatments [at 1400 kPa ( or about 14 atmos-
pheres)], the effect (Section 14.4.3.iii.ii) is, by Henrys law, very significant. The relation
of solubility is significant in mechanisms of operation, especially at high vacuums, of water-
sealed vacuum pumps and is important in the Vacuum-Pressure Diffusion Process (Sec-
tions 14.6 and 14.7).
14.4.3.i.ii.a.ii. Sub-divisions of “Contained Air”.
Between those two limits, namely zero and maximum air content,  the writer has
defined the “Contained Air” as the total (Table 76) of these air components (based on their
distribution) within the timber and in the water present in the timber, which may be
removed, especially  by evacuation (also applicable to thermal effects).
It is sub-divided into;
(i). “xv”, the free air contained in cell lumina.
(ii). “xem”, or the “embedded air”, is that air in wall surface layers, or contained within
the cell wall matrix.
This may be either absorbed or adsorbed, is in either a “monolayer”, or a “multilayer”,
condition (Field, 1963) relative to the wood matrix and does not assume “embedded air”
occupies only the sites otherwise occupied by water within the wall matrix.
The writer shows (Section 12.4.4, Chapter 12)  that as wood specific gravity increases,
the fibre lumen diameter and, consequently, its volume decreases, but fibre wall thickness
increases (with similar relations for softwood tracheids). As a result, “xv” decreases with
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an increase of density, but “xem” increases (dependent on relative “packing fraction”,
Section 14.4.3.i.i).
(iii). “xds” is total air dissolved (at S.T.P.)  in the “free moisture” within cell lumina,
or that within the cell wall matrix and including that defined as the “bound moisture”. As
the solubility of air in water is, by Henrys Law (Findlay, 1944), a function of pressure, then,
under evacuation, there is removal of some, or most, of that dissolved air. This is quantified
by the difference in saturation concentrations (cc of air / cc of water) at S.T.P., and the
applied increased, or decreased, vacuum pressure “p”.
Thus total “Contained Air” = xv + xem + xds
The author suggests ratio of the right hand side to total contained air is an alternative
description of evacuation efficiency (cf. Section 14.4.3.iii.i) from the specimen.
The accurate determinations of respective values of sub-divisions of the “contained”
air may be calculated using  void volume equations (Maclean, 1935, Stamm, 1938) when,
particularly, values are measured at saturation, FSP and oven dry moisture contents.
The writer has developed an approximate method, which is not directly dependent on
wood specific gravity (1.46 or 1.53 [for which Kolmann and Cote, 1968, use a mean value
of 1.50]). However, in development of data (Appendix 38) the writer utilised the conven-
tional formulae. To indicate these values, as a first order approximation (5%), they are
calculated (S.T.P.) as;
(a)  “xv” is equal to the volume of water contained in a saturated specimen (based on
moisture content) minus that present at FSP (assumed as 30% mc)  and with an assumed
water density of 1.00.
(b) “xem” is assumed equal to the water volume at FSP minus water volume at the test
moisture content. As the  “contained water” density below FSP (Stamm, 1938) is a function
of mc, this latter volume may be more accurately determined as (the water mass based on
moisture content / density of “contained  moisture”). It has a maximum value when the
specimen is anhydrous. Shrinkage during drying is a factor in  calculation.
(c) At and below FSP, there is an additional volume  allowance  made for “xds”, which
is  equal to 2% of the equivalent water volume contained within the wall matrix at the test
moisture content.
For these calculations, density of the water is assumed as 1.00 (cf Stamm, 1938) at, and
above, FSP. The orders of these values are illustrated for the test specimens. For these, mean
oven dry mass was 221 gms, swollen volume saturation moisture content was 46%, and test
moisture content was 19%.
Hence, at a nominal FSP of 30% mc, a “contained moisture” density of 1.14 (Stamm,
1938) an assumed shrinkage of 5% from FSP to 19% mc, then respective air volumes  of
“xv”, “xem”, and “xds” (for contained
cc (“xem” volume uncorrected for “contained water” density is 23 cc), giving a volume of
55.8 cc. Using void volume formulae (Appendix 38), a mean air volume of 53.9 cc
(converted to 50.4 cc of dry air at S.T.P.) was determined, which is in reasonable agreement
with the alternatively derived figure of 55.8 cc of air.
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Dissolved air “xds” (0.8 cc) in the “contained moisture”  is the same order as residual
air, “a” cc, found at the higher vacuums used in the study. This value, namely 0.8 cc at the
test moisture content, is further examined in Section 14.4.3.i.iii and it can be concluded
(Section 14.4.3.i.iii.i) an additional force may be required to remove “xds” from the
physicochemically “bound moisture”, as compared to air removal from the general
definition of “contained moisture” within the cell wall matrix. This supports the view
(Stamm [1964], Siau [1984]) that all of the “contained moisture” is “bound” below FSP.
14.4.3.i.ii.iii. In addition (Section 4.2.i.iv) a term “x1” (Table 76) has been defined by
the author  as “mass of air desorbed / sec / cc of wood specimen”. Here the term “desorbed”
is used relative to the total air volume removed and is independent as to whether air is
absorbed or adsorbed in the specimen. Again (Chapters 12, 13) similar effects are given  by
thermal processes.
The Langmuir isotherm is based on an equilibrium state, where the “negative sorption”
is equal to the “positive sorption”. Thus, “x1” is described as an expression of that
equilibrium condition at each applied vacuum and so bears a relation to “x” in the term “x/
m”.
Using the term “x/m” as a reference to unit total wood mass, it is suggested that, at and
for higher vacuums than “Vpc
monolayer (monomolecular) and  multilayer form within cell walls matrices. That should
include residual values of “xds
there is a limiting air value of 4.4 cc which may be adsorbed as a monolayer in the specimen.
14.4.3.i.iii. Postulated Langmuir relationships  which apply to separate components of
the “Contained Air”.
Equations (14.32), (14.33) are forms (Adamson, 1973, Stamm, 1964) of Langmuir
absorption/desorption isotherm equations (cf. Section 14.4.3.i).
A graph of “p” relative to “(p / x1)10-4” should give the  relationships for which the
Langmuir type equations (and states) apply. Findlay (1944, pp. 282-283) cites Taylor,
relating the adsorbing surface to variation of the amount adsorbed and, specifically, if the
adsorbant material has a crystalline structure. To explain the evacuation process in terms
of the residual air relationships, using the Langmuir concepts, the writer suggests that the
mechanism may be;
(i) As equation (14.32) is linear (Adamson, 1973), the Langmuir equation  applies. As
the Langmuir equation is satisfied for “p” > or = 52mm, this is related to evacuation of the
air “xv” contained in the lumen, and on the lumen wall. The ratio of actual air evacuated to
total air is a function of applied vacuum “p” and of the pump efficiency.
(ii) From “p52 to “p25”, the relation is typically non-linear and, over this “boundary
region”, the evacuation is removing air from the wall surface and  more than 95% of
“embedded air”, “xem” from the matrix.
(iii)  For “p4 to p25” [equation (14.33)], the value (0.1472) of the slope coefficient
indicates, over this range, the vacuum pressure “p” has only a small effect. Over that range,
“(p/x1)10-4” has a mean of “0.00759 +/- 0.00013”  with respect to “p”, and that value appears
to be a constant. It may be concluded that at, or below, the value “p25” (i.e. at higher
vacuums), the air/wood condition, in terms of evacuation, is considered to be at an optimum
value and the Langmuir equation indicates an equilibrium state for vacuums below the point
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“p25” relative to the term “p/x1”. Further, if the assumption is made that the wood matrix
is not a “smooth surface”, then the air flow may be “activated”, shown by a change in the
Reflection Coefficient, “fo”, over the range from “p25” to “p4”. This is confirmed in Section
14.4.3.ii. As there is a residual value of “a” cc over that region, this suggests that, in fact,
the residual air is not only physically contained within the voids (including the “contained
moisture”) in the matrix. To remove this air requires a sharp increase in the work done on
the system.
14.4.3.1.iii.i  The residual air  over “p25” to “p4”, may  relate to non-removal of the air
(0.8 cc) from the “contained moisture” (Section 4.3.i.ii.a.ii) in the test specimen. This
suggests that, at moisture contents below FSP, the  total quantity of “xds” is not removed at
these vacuum levels (cf. Section  14.4.3.i.i - the physicochemically “bound water” as
separate to “contained” water).
These hypotheses may be demonstrated mathematically by  the slopes of the logarith-
mic relations between the Efficiency of Extraction, “E” (Table 76), and residual air, “a” cc
(Graph 74).
In that graph, line 1 depicts the total curvilinear changes over all applied vacuums. Line
2 represents only the values from “p25” to “p4”, and line 3 indicates the sharp change of slope
for values intermediate between “p45” and “p52”  to  levels up to “p135”. Values, between “p25”
to the intersection with line 3 (namely between “p45” and “p52”), fall on a shallow curve
(compare Graphs 71, 72, 73).
If the hypothesis that all, or part, of “xds” is more difficult to remove is correct, then
this should be shown by the differences in relations of “a” with the functions “(p / EA%)”
and “EA%”, where the latter is not interacted with “p”. These are demonstrated in Graph 75,
where;
Line 1 shows a sharp change at vacuums higher than “p25”, i.e. to “p4”, such that, for
those values,the residual air is of the same order as that (0.8cc) calculated for “xds”  (in
“contained water”) under the test conditions. This change is not present in line 2. Both lines
show a change of slope, similar to Graph 74, for the vacuum relationships lower than “p52”
(to “p135”).
Author’s note; To confirm this hypothesis of residual effects of “xds” would require
further experimental studies, including decrease of moisture content of the specimens to the
anhydrous condition. That would have  extended beyond the manifests approved to the
author. A similar position applied to undertaking any research to confirm  the generalised
postulate that, for “xem”, sites for the “embedded” air need not be coincident with those
occupied by the “contained or bound moisture” within, or on, the wall matrix. However, the
writer considers that relation of “a” to “xds” applies at the higher vacuums.
That leads to the  important conclusions of;
i. At the value of “Vpc
“contained air”  in terms of the air (14.4.3.i.ii.a.ii) in the lumen voids, “xv” and that contained
on, and within, the wall matrix, “xem pc”
bears a relation to “Spc” and there has been demonstrated (14.4.2.i.v.) a relation between “a”
cc and “Spc”.
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ii. For the test conditions, the dissolved air, “xds”, in the “contained moisture” within
the wall matrix is still substantially present.
14.4.3.ii. Relationship of “activated” gas flow in very fine pores.
If, as suggested, the air flow is activated, there should be a change in the Reflection
Coefficient, “fo”, in the Knudson Equation of Flow. Where it was examined (Field et al,
1963) in the relationship for activated gas flow in very fine pores of molecular diameter
operating in normal Knudson flow in larger pores, those workers suggested that such
conditions could give rise to an observed flow pattern operating in parallel with gas phase
flow. Those workers  point out in the general form of the equation, the reflection coefficient
“fo” indicates conditions of reflection of the gas at the capillary walls. In that relation, “Vt”
is the thermal velocity.
This general equation is;
U1. ( p/ pd) = (de . Vt / 3L) . ([2 - fo] /fo)   (14.36)
When “fo” = 1, the gas is diffusely reflected at the capillary walls, but if it is equal to
zero a total specular reflection occurs. Any great change of “fo” from unity, results in an
enhanced gas flow rate. Normally, the coefficient is assumed to be equal to unity. From
equation (14.36), where (Table 76);
U1 = Q
t” is constant, then ;-
Q. (p / pd) = function of ( [ 2 - fo] / fo)    (14.37)
where the value of “{(de . Vt
(14.37) is expressed as “phi”, then it is equivalent to;-
p. Q   =  (phi) pd (14.38)
Equation (14.38) is a linear function of “pd” with respect to “(p.Q)”. Any change in that
relationship does imply a change in the value of “[(2 - fo) /fo]”, and so indicating a change
in the value of “fo”. This was tested on the experimentally derived data. Results were:
(i) for “p” < or = 2.5 cm there was a linear relationship of the form;-
pd = 76.0179 - 0.7171 (p.Q) (14.39)
r = 0.9964
(ii) for values of “p” above “p2.5
to “pd” (Graph 68). Hence the value of “fo” changed above pd = 73.5 cm. To accentuate the
linear relationship relative to, especally “p3.0” and “p4.5” (neither applicable), the “pd” scale
is plotted as “[(P - p) - 60]” cm.
14.4.3.iii. The significance of residual adsorbed air and its removal.
The relationship of residual air to possible preservative retention has been described
(Section 14.1.iii.ii, Table 70). It will be further examined in Section 14.5 (in terms of the
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relation to vacuum pump and system design)  and also in Section 14.6 in analysis of effects
compared to both atmospheric (vacuum) and thermal processes. For the latter processes
(refer Graphs 52a, 52b), the residual air does not, per se, play as significant a role in net
preservative solution (and salt) uptake as it does in full-cell treatments.
Similar to removal of residual “contained” moisture at values approaching the
anhydrous state, where elevated temperatures and, theoretically, a completely  moisture-
free (dry) atmosphere, are required, if the writer’s theory of a change in physicochemical
state in relation to the air / moisture/ wood system is correct, an extra force is needed to
extract further air from the matrix.
That can be achieved, as earlier stated, by a multistage vacuum pump over extended
times, or alternatively by a significantly greater capacity of vacuum pump, where an
“Effective Pump Capacity” is exceeded. For this, the author equates the additional capacity
to the conditions for moisture and is discussing it in terms of a “force”. To achieve that
further additional de-aeration, work is necessary, shown by a rise in temperature of the oil
in the pump (or the water in a water-sealed pump).
However, the writer also considered that, under such conditions, total evacuation
would not be completed under experimental conditions and, hence, a final residual air
volume, demonstrated by a measurable  vacuum, would remain. The writer hypothesised
that, if the original experimental data relevant to “pin” was meaningful, when the high
effective capacity was reduced (by extended vacuum lines, reduced diameters, calibrated
use of pump “bleeder valves”) to the same order as the existing pump, results would become
equated to the original conditions. The former (multi-stage) facilities were not available,
but approval was obtained for purchase of a single stage oil immersion pump, with a relative
capacity 2.6 times that of the unit (cf. Section 14.5) used in these studies (and which was
equal to an efficient high pump capacity as used in industry). Tests, which included using
system 3b and longer specimens, were conducted to compare pump capacity with the
efficiency of evacuation and confirmed (Cokley and Smith, 1965b) the premises were
correct and;
i. A linear relation, at a much increased rate, existed between the applied vacuum “p1”
cm and the vacuum  “p” cm attained  within the central axis of the specimens. This
relationship satisfied the equation;
p = 0.9231 p1 + 0.9382 (14.40)
r = 0.9989 ***
ii. A residual vacuum of 10 mm (1.0 cm) existed within the specimen for an applied
vacuum of 1 mm in the system.
iii. As hypothesised, when reduction was made of the high equivalent capacity to the
same order as the standard pump, the value of “pin” was of equivalent values to those
originally measured.
14.4.3.iii.i. Use of Residual Air “a’” cc as an Index of Evacuation of timber.
Siau (1984, p. 111) stresses the presence of air within a liquid or within the lumen or
the cell walls. That author, in referring to air bubbles, states “these must ultimately be forced
through minute pit openings”.
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The residual air, “a” cc, may be equated as a  measure of the final lumen condition “xv”,
and of the embedded air “xem” with respect to air in the voids, other than air “xds” dissolved
in “contained water”.
The writer suggests residual air “a” cc may be described as an “Index of the ease of
Evacuation” of, not only the initially evacuated cell voids, but also, including ease, of cell
wall structures. The Darcy-Weisbach Coefficient “jpw”  (equations [14.27 - 14.29]) shows
there should be a relation between “Vpc” and wood properties, such as its permeability and
porosity.  If an effective de-aeration takes place below a “Vpc” value of 25mm, then de-
aeration is facile. Table 82  illustrates  readily treatable and permeable species, typified by
white cheesewood and plantation softwoods, including exotic species, show that relation-
ship.
14.4.3.iii.ii. Residual air and absorption of liquid.
In hardwoods (Chapter 12), salt uptake is restricted to predominantly vessel and ray
cells. Moisture uptake is in all accessible tissues, including fibres.  The residual air is
significant in net absorption after “kick-back” of aqueous solutions by the full-cell process.
Residual air, “xv”, in the lumina is related to air bubble/liquid interfaces discussed by
Comstock (Siau, 1984) in terms of permeability. Additional to compression effects under
pressure, if residual lumen air has been significantly reduced by an initial vacuum,
interfaces will have a much lower effect on “kick-back”. If evacuation (Section 14.1) is
inadequate, or if, after the initial vacuum period, residual air has been increased by decrease
in internal vacuum caused by either an excessive rate of “flooding” or due to inadequate
pump capacity (Sections 14.5, 14.6), then the “kick-back” will be high, with effects as
shown in Tables 70, 71. If evacuation efficiencies are high (Graphs 63-75), “kick-back” is
reduced significantly.
Similarly, residual air present in all tissue walls is considered to be under  (cf. Section
14.4.3.i.ii.a.ii) conditions where it may be compressed by a liquid uptake. The liquid
penetration into cell walls, including fibres, is [Chapter 12] assumed to be water. On that
basis, relativity of both  “xem” and “xds” to moisture uptake in the cell walls should, by
definition of FSP, show some interaction with swelling of cell walls.
An alternative conjecture is that, during the pressure cycle, as solubility of air in water
increases with  pressure (Henrys law), residual air in  cell lumina and walls will be
progressively dissolved in water permeating the tissues. On release of the system to
atmospheric pressure, the excess air (above the solubility level) is released, forms a bubble
and expels some liquid. This is analogous to “bubble” effects in deep water diving, where
embolisms may form.
Where the residual air, “a” cc, is high (Table 70), the net uptake is reduced. Kelso et
al. (1963) found there was a significant effect of dissolved, or entrained, air on liquid
movement. They discuss influence of air present in the wood at the start of flow.
14.4.4. Definition and Characteristics of the “Critical Vacuum Point, Vpc”.
This may be fully defined as the level of applied vacuum in de-aeration of wood in an
enclosed system, such that:
(a) Efficiency of Air Extraction, Volume Rate and Mass Flow Rate from the specimen
are at a maximum.
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(b) Air flow characteristics through the wood capillaries are such:
(b.i) at “Vpc”, voids are evacuated to a maximum value.
(b.ii) the Reflection Coefficient, “fo,” in the Knudson equation of flow changes and
linear relationship between “pd” and “(p.Q)” ceases below a “pd” value of “pd73.5”.
(b.iii) there is a significant change in the Darcy-Weisbach Resistance Coefficient “jp”
such that its value is at a minimum at this point.
(b.iv) flow becomes laminar.
(c) The most significant property is that when “Vpc” is applied to the enclosing system.
As this is the state of the exterior of the specimen, the “upstream” pressure is equal to the
value of the Critical Velocity Point, “Spc”. Increase of the Applied Vacuum above “Vpc”
does not, for the test species, using standard effective vacuum pump efficiencies, increase
the “upstream” vacuum pressure above “Spc”. Under these conditions, sonic velocity is
attained from the specimen.
(d) Volume rate, “Q” cc/sec, is influenced by the ratio of velocities and momentum for
the system.
(e) however, although discussed in section 14.4.5.i, and included herein for complete-
ness of definition, it is influenced by both the Effective Orifice Diameter, “de”, and Effective
Capillary Length, “Le”, (Equations [14.27, 14.28, 14.29], Section 14.4.1.viii). As such the
absolute value of the Critical Vacuum Point is species dependent.
Similarly, as the parameters involve the term “Le”, i.e. the effective length of capillary,
the length (and thickness) of the specimen and also the “(Le/de)” ratios, will influence rates
of attainment of optimum conditions in wood.
Section 14.4.5. Interaction of applied Critical Vacuum Point, “Vpc”, with de-aeration
of species. The apparent anomalies between “kick-back”, preservative penetration, Effi-
ciency of Extraction, “EA%” and Residual Air.
In contrast to the calculations for a preservative uptake (Chapter 12),  it is important
to note  (Section 14.4.b) wood density does not appear in general equations of flow nor in
the analyses of de-aeration.
14.4.5.i. Earlier evidence implied (Section  14.4.1.viii) there was a possible variation
in values of “Vpc” with species.
In Chapter 12, the writer describes development of a treatment classification based
principally on “porosity” (Chapter 8) with density of species and discussed thermal de-
aeration. This research led to quantification of and evaluation of the roles of the “effective
orifices and diameters”.
They relate to both “permeability” and “accessible free paths” and, with “penetrabil-
ity” and “porosity”, they are significant in both de-aeration and preservative uptake
respectively.
Relationships of “Le” and “de” (equations [14.27-14.29]) are shown to influence the
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response of a species to an applied vacuum, “Vpc”. If the author’s theories (Chapters 8, 12),
based on thermal processes, were valid, there should be differences in de-aeration between
species due to changes in “Le” and “de” values, which would relate to “permeability” rather
than “porosity”. If differences are present for  “Le” and/or “de” and they are not related to
“porosity” or density, as measured by treatment group classifications, those differences
should be shown by differences in ease of de-aeration, as measured by “Vpc”. Those with
relatively large (Chapter 12) “effective orifices” should be more easily permeable to air
flow and thus should respond (an optimum de-aeration) to a lower value of “pd”, that is to
a reduced vacuum, than species with a smaller “de”, or a lower “permeability”. That was
supported by  commercial results. In this discussion, the relatively unimpeded flow from
the vessels (Poiseuilles Equation, Chapter 12) is assumed and is attributed to the “porosity”
of the species. Tests were made (Table 82) over a range of species in terms of their response
to the “Critical Vacuum”.
The selected range represented all schedule treatment groups (Chapter 12) with an
emphasis on groups 2B, 3 and 4, but was inclusive of the readily treatable groups 1, 2A, and
softwoods.
Other than spruce, the species selected were of known preservative distribution, which
(Chapters 8, 12) was restricted to vessels, vertical and radial parenchyma, but, other than
for surface, with no fibre penetration.  An evaluation of hoop pine heartwood is included
for comparison.
A special multiple test was conducted (Author’s note, Section 14.1.i.iii) on a single
sample of authenticated spruce, Picea sp, which confirmed the  assumptions made that this
species would not be significantly influenced by higher vacuums.
14.4.5.i.i Heartwood reactions relative to the Critical Vacuum Point.
Though not extended to a separate specific program, this study did examine the
differences between sapwood and the heartwood in de-aeration. Results, illustrated by
those given by heartwood of hoop pine compared to sapwood (Table 82), did confirm the
findings (Chapters 12, 13) de-aeration occurred, but at a slower rate in heartwood than in
sapwood.
This supported evidence established by the writer that  an adequate (and effective
temperature or vacuum level) time must be given to de-aerate the heartwood, either
thermally, or by mechanical use of vacuum pumps. If those  conditions are not met, then
leakage of non-evacuated air from heartwood into sapwood zones may occur.
14.4.5.ii. Results (Table 82) confirmed the theory that in the denser, more refractory
(Groups 2B, 3, 4), species there were no differences in “Vpc”. These led to the conclusion
that neither “Le” nor “de” values changed significantly for these groups. The author’s studies
gave no evidence to suggest that perforation plates (Chapter 12), though reduced in their
equivalent orifice diameter (relative to vessels), are difficult orifices for air movement.
For Group 1 species, typified by white cheesewood, there were significant differences
in “Vpc” results. For these species, the writer  concludes  “Le” and/or “de” values differ from
denser, more refractory, timbers.
Accepting that “Vpc” may be considered as equivalent to (cf.Poiseuilles Equation and
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Darcy-Weisbach Coefficient) a measure of the force applied to microducts to de-aerate a
specimen, it is further concluded that, for these species, the required “force” is significantly
lower that for species in the higher Groups. The Group 1 species are also softer and have
lower physical strength than the denser species.
The writer (Chapter 12), using data based on Hart (1964), has shown that fibre lumen
diameter decreases, but wall thickness increases, with an increase in density and “xv”
decreases, but “xem” may increase (cf. Graph 72).
The implication of results cited in Table 82 is that, as wood density and wall thickness
increase, the “effective orifice diameters” may decrease and/or “accessible free paths” may
be affected.
As differences are found to apply in liquid uptake in these species, as measured by
moisture content change (and, hence, inclusive of the water absorbed into fibres and walls),
the results lead the author to suggest pit membrane and cell wall structures (and this
logically  includes their chemical constituents as well as possible cell wall incrustions)  may
be variable with wood density in terms of air (and water) movement.
If so, it would be possible to deduce basic research on accepted data (eg. Cronshaw,
1960) in terms  of both pit membrane structure and cell walls should be extended to
especially lower density, softer, rainforest species.
14.4.5.ii.i. Inter-relation of de-aeration with moisture movement in timber.
In evacuation of timber cells (Section 14.4.3.i.iii and Graph 72), initial de-aeration is
of cell voids, followed by surface layers on cell walls, and finally by the air contained in cell
walls. Values of “xv” and “xem
hardwoods, “xv” is sub-divided (Sections 12.4.4, 12.5.4 and Equations [12.17a-17c]) into
vessel and fibre voids. Diffusion of air into specimens is at a slower rate than de-aeration
under an applied vacuum. This is shown by the time required to equilibrate, after
evacuation, when measured by an internal manometer tube.
Injection of air under pressure is faster than diffusion. However, the writer found no
reason to assume  either the  “permeability” or “accessible free paths” in evacuation of air
were different to those for diffusion.
The above conditions and pathways also apply to moisture movement in timber (cf.
discussion on FSP and “Stable Green Moisture Content”, Chapter 12) and are confirmed
by the Saturation Moisture Content in void volume formulae. To remove moisture, other
than by  equilibration to EMC, requires application of a differential (eg. thermal) “force”
and, by which, the rate of removal is increased.
Table 82
Effect of applied vacuum upon air extraction from the
sapwood of timbers and their Critical Vacuum Points.
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species effect of Critical
increased Vac.Pt.(a)
Standard Name identification vacuum found (b)
grey ironbark E. drepanophylla Positive 25mm
red ironbark E. sideroxylon Positive 25mm
grey gum E. propinqua Positive 25mm
forest red gum E. tereticornis Positive 25mm
spotted gum E. maculata Positive 25mm
spotted gum E. citriodora Positive 25mm
blackbutt E. pilularis Positive 25mm
red tulip oak Argyrodendron sp.
prob. peralatum Positive 32mm
blush tulip oak Argyrodendron sp.
prob.actinophyllum
subsp.actinophyllum Positive 25mm
blush tulip oak Argyrodendron sp. Positive 25mm
yellow walnut Beilschmiedia
bancroftii Positive 25mm
white Alstonia scholaris Positive 158mm
cheesewood from low
vacuums.
hoop pine Ar. cunninghamii Positive 25mm
(natural stand-heartwood)
hoop pine (note 1)
(plantation-sapwood)   “     “ Positive > 30mm
slash pine Pinus elliottii Positive > 30mm
var. elliottii (note 1)
spruce (one sample)  Picea sp. (No significant
(multiple tests) increase from
50-25mm. data
indicates 150-125mm)
note 1. There was continuous extraction from 150mm, becoming significantly greater at 30mm,
particularly in longitudinal direction. (a) tested in systems 3b, 3c.
(b) effects  began at values shown.
In reverse, as for air, the time for a low mc, or a cool oven-dry sample, to return to the
EMC under atmospheric conditions is slow, but if hot dry specimens are exposed, moisture
uptake is rapid. That effect was confirmed by the writer when tests of moisture content were
made and, for accurate data, prior to weighing,  it was necessary for samples to be cooled
in a desiccator  after removal from the oven. For high  accuracy, oven dry samples should
be cooled and weighed in a sealable weighing dish, which has a known tare weight.
The diffusion coefficients of both moisture and heat are functions of the density and
this is confirmed in kiln seasoning. Stamm (1964) indicates (Table 14, Chapter 8) there are
three types of moisture diffusion pathways and where their relative values are inverse
values of density (swollen specific gravity). Moisture penetration under applied pressures
is more rapid, diffusion mechanisms do not apply, but, as for air movement, the diffusion
pathways are assumed applicable.
14.4.5.ii.iii. Reconciliation of the apparent anomalies between “kick-back”, preserva-
tive penetration, Efficiency of Extraction, “EA%” and residual air.
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a. Harrow (1947) had shown a relation between inadequate evacuation and “kick-
back”. For its application to local species, preliminary studies were necessary to confirm
a similar relationship. These are illustrated in Table 70, where inadequate de-aeration
influences on “kick-back” in full-cell treatment are cited. The writer had adopted it (Section
14.1) as one criterion of evacuation. The data in Table 71 shows effects of higher vacuum
at extended times (cf. Sections 14.5, 14.6. 14.7) on de-aeration.
b. The sites of preservative solution (and salt) uptake in hardwood timbers (Sections
12.4.4, 12.5.4, Chapter 12) are limited to vessels, vertical parenchyma and radial tissues.
c. The residual air, “a”cc, is a function of the time of evacuation (Table 71), Efficiency
of Extraction, “EA%” (Section 14.4.i) and capacity of the vacuum pump (Section 14.5). The
total residual air is that fraction of initial “Contained Air” (Section 14.4.3.i.ii.a.ii) remaining
in the specimen.
The residual distribution  of air is described in Section 14.4.3.i.iii and Graph 72.
Importantly, this is distributed in tissues which are not restricted to sites of deposition of a
preservative solution. Dependent on the efficiency of de-aeration, residual air, as was the
case in earlier treatment practices, included some “xv” and “xem”, in timber.
d. there was an apparent anomaly between the hypothesis that, on release of applied
pressure, residual air would be effective as the cause of “kick-back” of some of the solution
impregnated into restricted sites of deposition.
e. This apparent anomaly could be reconciled by;
e.i. When the “kick-back” is discussed in preservation, it is generally described in
terms of “solution volume”. It was found (Appendix 14) to be lower in concentration  than
the impregnating solution (a condition separate to “Diffusion Loss” [Chapter 10]) and thus,
in hardwoods, assumption of “kick-back” as equivalent to “impregnating solution” is
invalid.
e.ii. This difference may be explained if the “kick-back” volume includes the water
absorbed (Chapter 12) in fibre lumina and cell walls (where treatment solution, or salt, is
not present) and which is expelled by the residual air when elevated hydraulic pressure is
released.
e.iii. When measurements were made of water (as compared to salt) uptake, based on
moisture content data before and after treatment (Schmidt [1962],  Chapter 12), it is shown
that the water is distributed in all tissues, including fibres.
Accordingly, there is no anomaly and “kick-back” is valid as an index of residual air,
“a” cc, after de-aeration in treatment of local hardwood timbers.
14.5. Relation of vacuum pump capacity and “Effective Pump Capacity”.
It has been pointed out that attainments of the Critical Velocity Point and the Critical
Vacuum Point (Sections 14.3, 14.4) are functions of the vacuum pump capacity.
14.5.i. Where used to evacuate a system through a duct, the effective pressure
differential and the consequent maximum applied level of vacuum “pmax” are functions of
system geometry, “g”, and vacuum pump capacity “Cnom”, that is;
315
pmax = function (g. Cnom)    (14.41a)
As is common in the local plants, the vacuum pump used is water-sealed then ;-
pmax  =  Function { g. [t]. CR}      (14.41)
where
g = system duct (l/d) ratio
[t] = temperature of vacuum pump seal water.
CR = “Effective Operating Capacity” of vacuum pump.
14.5.i.i. If “Ccal” is the nominal calibrated (m
3 / min.) capacity of a water-sealed
vacuum pump, studies showed the operational loss of efficiency as being due to ;
(a) high (l/d) ratios and duct frictional losses.
(b) high temperature of seal water and variable rate of water flow through the pump
(which was a function of the vacuum level, but which was often overlooked in plants).
(c) relative humidity of the air being evacuated.
(e) vapour pressure of water at operating temperatures.
(f) solubility of air in water at operating temperature and vacuum pressure.
o C. An increase of the
seal-water temperature to 32°C (frequently found) decreases pump capacity by about 60%.
Introduction of pump water cooling units was necessary in some plants.
Author’s note; dependence of water-sealed vacuum pumps on temperature and flow
rate of the water was confirmed. A local plant installed an oil-sealed unit for which these
problems did not arise. However special precautions were necessary and were installed to
If “Ccapa”, “Ccapb”,  to “Ccapf”, are the losses due to the above, and “Ccapn” the loss due
to friction and power factor and leakages, then ;-
total loss “Closs” = sum of Ccapa + —+ Ccapf + Ccapn
14.5.ii. The Residual or Effective Pump Capacity, “CR”, at the cylinder orifice outlet
is given by;
CR = Cnom - Closs              (14.42)
The writer has found values for “CR” as low as 50% to 60% (0.5-0.6) of the “Cnom” .
The value of “CR” may be increased by;
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i. change in the (l/d) ratio.
ii. decrease in seal water temperature.
iii. by substitution of the air space in the cylinder by a treatment solution during
evacuation cycles (Sections 14.6, 14,7 - the Vacuum-Pressure Diffusion Process).
These conclusions were tested experimentally (system 3b) and also on commercial
plants. Results based on the change of “CR” are typified by data in Section 14.7.
14.5.iii. Influence of level of applied vacuum on pump capacity.
As the level of applied vacuum increases (from 75mm), the capacity of a single stage,
water-cooled, pump decreases significantly. To increase the effective level, fitting a second
stage (termed a “venturi” by industry) enabled increased air flow velocity and vacuum
capacity to be obtained. For this range, a pump capacity was reduced. As the nominal values
of “Spc” (45 mm) and “Vpc
capacity was desirable. The increase in efficiency of evacuation at those Critical levels was
significant.
14.5.iv. Effect of timber volume on the de-aeration of a vacuum-pressure cylinder.
The Critical Velocity Point “Spc” was independent of the presence of timber specimens
in the cylinder.
The actual volume rate of efflux (Section 14.3 and Graph 62) is influenced by the
presence of timber. It was found the method of stacking and relative dimensions of the
timber bundle, i.e. not separated by “strips” (Appendix 14), appeared to influence the rate
of de-aeration of the timber. This was particularly so if the system operated below the
Critical Vacuum Point, “Vpc”. This effect was confirmed in the laboratory unit (system 3b)
and in commercial practice. It was found to be due to:
(a) for practical purposes, the bundle of timber acted as a solid body and hence
longitudinal air flow along the cylinder length to the outlet orifice was impeded. The effect
was equivalent to “fluid drag” around a submerged body.
(b) the air path changed from a typical duct of “(L1/D)”  ratio to an annular duct with
a nominally equivalent  cross-sectional area, “Wf” and which is given by-
Wf =  (pi/4). (D
2 - Ds
2)     (14.43)
where
D = diameter of cylinder
Ds = nominal equivalent diameter of charge of timber
pi = 3.1416
In practice “Ds” ranges from 0.75 to 0.90 of the value of D (cylinder diameter).
Hence, if “A” is total cross-sectional area of the empty cylinder, then for;
Ds = 0.75D,   Wf1 = 0.44A
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and for
Ds  = 0.90D,   Wf2 = 0.19A
As a consequence, air from the timber in the charge is removed by what may be termed
a “Venturi Pumping Effect”. This is required to remove the air from all of the cells (rays,
fibres and vessels) of a board by a variable path i.e. between boards, and approximately
perpendicular to the board longitudinal axis.
The nominal maximum air flow path through the bundle to the annulus is theoretically
equal to 0.5 Ds.
The ideal air flow path is affected when “Ds” is a significant fraction of “D”, or where
a bundle of timber is tightly packed and the air flow between boards is retarded. “Auto-
adhesion” between boards, which can be due to extractives, exemplified by resinous
exudates in slash pine, or to timbers of high density, is a common cause. In extreme cases,
typified by bundles of very dry plywood, both de-aeration and subsequent solution access
under hydraulic pressure were severely impeded. Under these circumstances, a bundle
behaves as a solid body and the nominal vertical component of air flow (y axis) to the outlet
orifice tends to be semi-circular or spiral. However measurements of the vacuum level at
horizontal positions along the cylinder length show the equivalent levels of applied vacuum
are attained in the annulus.  To confirm the laboratory experimental results, access to a range
of positions in a commercial cylinder enabled (by use of one-way valves with pressure
stopcocks) the author to measure internal vacuums for different timber volume conditions.
For round timber, the actual flow path is more effective than for sawn timber because of the
“packing fraction” conditions,  caused by irregularities of shape, less “auto-adhesion” and
better resultant relationships of “sub-ducts” to the annular space.
This led the writer to examine the postulate that, as for the open tank processes, for
optimum efficiency of treatment, free flow of both the air and the solution  is desirable for
this process and hence material should preferably be treated in open stack, i.e. in strip. This
was tested and confirmed.  However economics of operation of this type of plant precluded
commercial adoption of this alternative except in special circumstances. Treatment of
plywood is one case where “pre-stripping” was desirable.
14.6. Development and commercial application of a VacuumPressure Diffusion
Process.
Results in earlier research (Sections 14.1-14.4) had  led the writer to examine
development of a process based on the principles (Chapters 8, 12, 13) by which the thermal
processes operated. The potential related principles and advantages are examined in
Section 14.6.i.
14.6.i. Correlation of open tank process applications to conventional full-cell treat-
ments for the development of modifications in practices used with the latter process.
In this research, the similarities of current “full-cell” processes to the thermal  “Steam/
Cold Quench” process (cf. Chapters 12, 13, Appendix 14) were noted. The former was also
compared to  the “Hot and Cold” processes (cf. Chapters 8, 12, 13, Appendix 14)) and from
which it was concluded that:
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(a) The hot and cold process was very flexible with respect to a very wide ranges of
species and of moisture contents.
(b) Absorption in the hot and cold process also occurred during “de-aeration” at the
(c) Most importantly, as cooling proceeds and hence an increase occurs in the thermal
vacuum, due to the  vacuum and negative pressure differential effects (Chapter 13),   there
is both preservative solution penetration and water movement into the board. If direct
influences of elevated temperature on diffusion, plasticity and wettability, are excluded, the
hot and cold process could be equated to a “thermal vacuum-atmospheric pressure” process,
where the de-aeration is carried out for an extended period whilst the timber is submerged
in the solution.
During such time solution should penetrate into timber rays and vessels, water should
permeate available “voids”  and, additionally, salts may diffuse from solution into the
“residual” free moisture in the vessels and rays. To this were added the positive effects of
an increased solution contact time (influenced by preservative) upon a more effective
wetting of timbers.
As local climatic conditions were variable, the writer considered one significant
possible effect of extended times of immersion, as proposed, would be a significant
decrease in both the cylinder and charge temperatures, thus resulting in cooler operations
of the vacuum pump and seal water (Section 14.5).
In the conventional full-cell system, after “breaking” of the vacuum to atmosphere, the
fraction of solution uptake to a total  solution uptake was small. Using the thermal principle
of immersion of the charge, during and after evacuation, change of the system from a
vacuum cycle to atmospheric pressure is equivalent to the major cooling phase in the open
tank processes. The absorption (termed “Initial Absorption”) should be significant and
rapid. Effects of “kick-back” (Section 14.1) should be reduced. If the system is allowed to
reach equilibrium under atmospheric pressure, absorption should be approximately hyper-
bolic with respect to time (cf. Graphs 37 to 37c). When the system is subjected to hydraulic
pressures above atmospheric, it should result in a rapid absorption/time curve at a rate
significantly in excess of that given by the conventional de-aeration followed by flooding.
The “Initial Absorption” should be a significant fraction of the “Total Absorption”. These
theories were amenable to an experimental verification.
(a) in the first instance, increase of the level and time of evacuation should increase the
absorption. They  should decrease the time under pressure (time to refusal) as well as total
time of charge. Solution concentrations should be reduced.
(b) when there is comparable treatment, except that the evacuation is with the charge
submerged in solution, then an increase in retention, decrease in time to refusal, or in total
charge time, or in concentration of solution, should occur.
(c) in addition to (a) and (b), reduced resistance to penetration will be reflected in a
reduction [Table 70 (Section 14.1)] in “kick-back” (Harrow, 1947).
14.6.ii. Laboratory and commercial verification of the Vacuum-Pressure Diffusion
principles.
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The theories were confirmed (Cokley and Smith, 1965 a,b), initially in the laboratory.
Tests were made on vacuums and times, during immersion (Diagram 3b) under
solution, from about 50 to 100 mm (the latter of the same order {Graphs 52a, 52b} as given
by the hot and cold process). That vacuum was released to atmospheric pressure and with
absorption to equilibrium. Subsequently research was extended to higher vacuums of the
levels of the “Critical Velocity Point” (Section 14.3) and the “Critical Vacuum Point”
(Section 14.4).
Extensive studies, including a range of commercial plant applications (Section 14.7),
confirmed the earlier data. Positive effects on moisture content ranges, salt usage, schedule
conditions and times, are shown (Sections 14.7, 14.8). They are typified by extended large
scale studies on sawn timber and poles (both types of product were over a wide range of
hardwood and softwood species) at a large commercial cylinder operating in Brisbane.
14.6.iii. Influence of Vacuum-Pressure Diffusion Process on “Effective Capacity” of
the vacuum pump.
Substitution in the cylinder of the preservative solution during the vacuum cycle
resulted in;
14.6.iii.i.  As solubility of air at S.T.P. is only about 2%, (Chapter 13, Section
14.4.3.i.ii.a), evacuation of a cylinder full of solution is equivalent (Cokley and Smith,
1965a) to decreasing the cylinder air volume by 98%.  At operating vacuums, the air content
in a solution is reduced [Henrys law] to of the order of 0.01 to 0.05%, and this, in turn,
increases the “Effective Capacity” of the vacuum pump and increases efficiency of de-
aeration.
The mechanism may be described as maintenance over time of a differential in
dissolved air caused by evacuation at  the  fluid surface. This differential is transmitted
through the solution and de-aeration of the board occurs.
This is a similar effect to that (Chapter 13) obtained in the hot and cold process. The
effect was experimentally verified by measurement of vacuums at the centre of specimens
when de-aerated under solution. Tests were made (Section 14.7), in a number of plants, by
substitution of solution during the evacuation cycle, to assess whether that change, as found
under the laboratory conditions, resulted in increase of “Effective Capacity” of, and
reduction of pump temperatures of, the vacuum pump.
Results over a series of plants confirmed the hypothesis.
14.6.iv. Sequences in operation of the Vacuum-Pressure Diffusion Process.
These are briefly described as follows;
(a) subsequent to insertion of the charge, for an initial time (generally 10-15 mins.),
the vacuum pump was used to establish (Diagram 4) cylinder seals etc. were effective.
During that interval, the operator completed initial charge sheet details, took and tested a
solution sample (Chapter 11). Solution was then admitted at a controlled rate so as to ensure
no loss of vacuum and so that there was complete coverage of the charge. Advantages
included removal of “entrained air”, which was a negative feature of the original practice
of rapid “flooding” (Section 14.1) of solution.  Over that period, the vacuum was raised to
the operating level which was based on pump characteristics and capacity.
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(b) the vacuum was continued for a period determined on level of applied vacuum, on
species (and on thicknesses, [Section 14.8]), ranging up to a maximum of 90 minutes.
Standard sampling (Chapter 10) practices were followed.
(c) the solution level (Diagram 4) was maintained by the sight gauge (on the vacuum
chest or “pot”) to ensure adequate coverage of the charge, including the “Initial Absorp-
tion”. In some plants, a full depth (suitable for pressure) gauge glass was installed. For
certain plants, similar to the defects described (Chapter 13) in thermal systems, there were
originally inadequate side and top clearances for the charges to be completely covered by
solution during absorption. These defects  were rectified in plant trials (Chapters 2, 10).
Adequate flow volumes (Section 14.5) for seal water in the vacuum pump were tested and
adjusted (Nash, u.d., 1994) when required.
(d) After the vacuum cycle, the system was  “broken to atmosphere”, at which point,
as a result of the vacuum, dissolved air in the solution was very low (Henrys law), with
precaution to maintain solution  coverage, resulting in an "Initial  Absorption", under
solution, which was up to 75% of the total uptake. Most of that took place within 15 to 30
minutes but could extend to about 90 minutes.
(e) For other than plants specifically designed for only low pressures, or “week-end”
schedules (Section 14.8), the cylinder solution volume was restored at a controlled rate and
pressure applied until “refusal” (Appendix 14). A final vacuum was applied in most plants.
(f) the solution was returned to storage, re-sampled and after its testing, charge sheet
data was completed.
14.6.v. Independent assessment of the process.
As this process was an original development, it was felt desirable to obtain independ-
ent assessments of its use and efficacy. These included;
14.6.v.i. Approvals under States legislation (TMA, 1946, T.U.P.A., 1949).
14.6.v.ii. Many commercial plants were operated under a “lease/ buy” arrangement
with preservative suppliers. One effect (Chapter 10) was need for tripartite discussions to
enable preservatives (such as boron salts), other than the supplier’s product, to be used. For
these plants it was ethically, and legally, necessary for both plant management and supplier
to grant approval to the writer in terms of any plant modifications and trials, including
changes such as fitting of second stage pump units and cooling systems for pump water
supplies and, as a result (Section 14.7), a number of plant managements made major re-
design modifications. In all cases, these changes were effective and economic. The overall
result was acceptance of the process by interstate and overseas authorities, by suppliers and
adoption for their own installations.
14. 6.vi. Commercial adoption (Queensland) status of the Vacuum-Pressure Diffusion
Process. The number, and type, of plants relative to vacuum levels (Sections 14.3, 14.4) are
shown (1965) in Table 83 (Cokley and Smith, 1965 b). The number increased until about
1975 (when industry became reasonably steady). Products treated were in multiple species
and sizes. They included veneers, plywoods, sawn timbers (all purposes and hazards),
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power and telecommunication poles, marine piling, cooling tower timbers, oyster stakes,
fencing.
About one-third of plants, which used the Vacuum-Pressure Dffusion process,
operated at vacuums below the critical level. Reasons included;
i. small production requirements.
ii. species for treatment, such as Group 1, 2A (Chapter 12), did not require Critical
Vacuum levels of 25mm, or products were to be used (Chapter 3, Appendix 1) for low
hazard (eg. Lyctuscide treatments) conditions.
Most of these plants fell into classification i, above, and economics of plant modifi-
cations did not justify the amendments. Schedules and cycle times (Section 14.8) were
modified to suit their conditions. Additionally, about 10 other plants operated interstate and
overseas using  the process, many of which used the higher vacuum systems.
14.6.vii. Application for and grant of Australian patent  for the Vacuum-Pressure
Diffusion Process.
Consequent upon confirmation of the satisfactory evidence of both economic, and
technical, results, an application was granted (Patent No. 275,808 of 31 October, 1963,
sealed on 28 November, 1967) for a patent (Plate 5), with rights assigned by the official co-
inventors (Cokley and Smith) to the Conservator of Forests. Reasons for the patent
application were;
a. By so doing, the advantages would be available to the total industry. No royalty was
charged, as this research and industry applications were considered (Chapter 1) as functions
of departmental policy on industry assistance.
b. Importantly, they enabled the Department (Chapters 1, 10)  to achieve optimum
controlled utilisation of timber resources, thus ensuring maximum forest conservation.
c. For plants operating under T.U.P.A. (1949), approval was given administratively,
but for the plants operating externally to that Act, formal approval was given. Plants
operating  in New South Wales, under the TMA (1946), were approved (Chapter 2) by
reciprocal agreements between both States. Preservative suppliers were given approval for
its use under their supervision. The patent  enabled control over especially the external (to
Queensland) plants to ensure effective treatments. As the economic advantages were high,
plants managements and suppliers were reluctant to lose that approval.
14.6.vii.i.  Policy on application of suitability of the Vacuum-Pressure Diffusion
Process to conditions other than those operative in Queensland.
In areas, external to Queensland, where it was desired to be adopted, it had been the
writer’s recommendation that pilot plant studies (Cokley, 1970) be made to confirm its
applicability. This was especially so in terms of “Stable Green Moisture Content”, Effects
of “Critical Vacuum  and Velocity Points” and relation of species characteristics. Results,
similar to those found under local conditions, were obtained in all instances.
The extended range of data, other than in Queensland, confirmed that general and
fundamental  relationships in timber preservation were involved.
Table 83
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Commercial plant usage of high vacuum and/or the
Vacuum Pressure Diffusion Process (1965) [a].
item plants [b] using ;
high vacuum and Vacuum Pressure
Vacuum Pressure Diffusion below
Diffusion high vacuum levels
number 16 9
size 9x1m -27x 1.8m 9x1m - 21x 1.37m
products sawn, poles, sawn, poles,
[c] piling, plywood piling, plywood
notes; [a] (Cokley and Smith, 1965b). [b] total plant installations did increase, but stabilised about
1975. [c] interstate and overseas usage not listed.
14.7. Commercial Applications of High Vacuum and Vacuum-Pressure  Diffusion
Process.
14.7.i  In applications of the research (Sections 14.3, 14.4, 14.5, 14.6) modifications
to commercial plants included the installation at a Brisbane plant (27 x 1.8m)  of a second
stage “venturi” to the Nash H6 water-sealed vacuum pump (about 7m3/min. in capacity).
Results (including schedule data, see below) are shown in Table 84.
Original changes to that plant were based on application of Critical Velocity Point,
“Spc” of 45mm and Critical Vacuum Point, “Vpc” of 25mm, followed by the subsequent
change to a Vacuum-Pressure Diffusion Process. Economies are shown in Table 84.
Author’s note; This plant, located in Brisbane (sea level), was installed for treatment
of the firm’s own product, but carried out “customer treatment”. As it was a major supplier
of CCA treated sawn timber, poles and pilings, as well as cooling tower timbers, it treated
a wide range of species and products.
Consequent on further research by the writer and the firm,  the pressure cycle was
reduced from a conventional 1400kPa. to 1100kPa. No significant change from this was
noted in the salt usage, based on decrease from solution before and after treatment, or
retention in products.
14.7.i.i Correlation with statutory requirements and the standards issued by  State
statutory bodies, such as the State Electricity Commission and Harbour Boards.
It is important to emphasise that, for all vacuum-pressure plants, specific continuing
supervisory control (Chapters 2, 10, 11, 15) was maintained. Especially for early years of
availability of CCA treated products in Queensland, the writer’s laboratory was frequently
asked to test products under statutory specifications. As a result of its heavy commitments
to these areas of market utilisation, the Brisbane  test plant was consequently subject to
Table 84
Comparison of treatment results and times between the conventional “full-cell” to
Vacuum-Pressure Diffusion processes obtained in a commercial 27m x 1.82m Plant.
Study included effects of higher vacuums for each of the two processes (Cokley and
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Smith, 1965b).
process mc results obtained (x)
(1) ra. sawn timber            poles
(2) N.D. tot ref sol N.D. tot ref sol.
(3) % S.R. hrs min % S.R. hrs min %
(a) (n) (b) (e) (n) (b)
full-cell
at 75mm.
N=540 <30% 1.47 4.06 50.66  6.0  22.66 4.16 67.7 6.02
full-cell
at 25mm
N=800   to
45% 1.83 2.88 16.0 3.82  24.9 3.57 30.25  6.97
rel. ratio (123) (71) (29) (63)  (110) (86) (44) (116)
Vacuum    to
Pressure  60% (m)
Diffusion (mean 40-50%)
at 25mm.
N= 2000 2.45 2.64 10.56  3.46 28.18  3.55 24.25  6.89
rel. ratio (166) (62) (21) (58) (124)  (85) (36) (114)
notes; (x) Charges operated on commercial basis. In addition to standard charge analytical sampling, a
total of 20 charges for each variable / group studied was used for statistical analysis for differences.
(m) includes low density species and products, eg. posts.
(1) Number of charges in each total operation, shown  as N =  ( )
(2) moisture content ranges studied. Measurement by ovendrying of representative specimens.
(3) Relative production ratio to conventional process shown as a percentage value in brackets.
(a) Salt uptake (N.D.S.R.) [kg/m3] for sawn timber ontotal charge volume. (n) Refusal point (Appendix
14).
(e) N.D.S.R. [kg/m3] for round timbers, eg. poles, on the  sapwood volume of pole charge determined by
measurement.
For both sawn and round, results  confirmed by chemical examination of treated product and solutions.
(b) Solution concentration at commencement of charge. Todetermine salt usage, concentration was also
measured atend of charge (Cokley and Smith, 1965)  (plant tests byhydrometer, confirmed by laboratory
chemical analysis).
That extended to all plants involved in those markets. As a result of service problems
(Chapter 15), this aspect of supervised sampling continued.
14.7.ii. Modification of plant design, and/or vacuum pump capacity (Cokley and
Smith, 1965b).
14.7.ii.a. Two plants are illustrated in Table 85.
14.7.ii.a.i Based at Toowoomba (700m elevation), the first unit was initially a 15 x
1.1m unit with a Nash AL 673, (capacity of 1 m3/ min to about 100mm of vacuum). Using
a second stage, evacuation rates dropped to 0.3m3 at 25mm (sea level) [note; pump
capacities are variable with speed (r.p.ms). The plant management,  inclusive for economic
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reasons, decided to amend the plant size and increase productivity. Accordingly, based on
the writer’s data and initial evidence including as cited in Table 84, their engineering
consultants modified the existing plant design in two stages, namely;
(a) replacement of the AL 673 pump (with a duct diameter of 38 mm) to a Nash H5
(operating with a duct diameter of 75mm), coupled with a shortened length to the cylinder.
The H5 pump had capacities of about 7m3 and 2m3/ min. at the same vacuum levels as cited
above.
To transfer solution both into, and from, the cylinder, a by-pass centrifugal pump
(Diagram 4) was incorporated.
(b) to accommodate special long sizes of power poles with the existing modifications,
the cylinder was extended to 27m in length.
14.7.ii.a.ii. The second plant (sited at Bundaberg, sea level) operated a 21 x 1.1m plant,
treating sawn (which included native hoop pine from Goodnight Scrub) timbers and round
hardwoods for poles and marine piling, was equipped with a Nash H3, similar to an AL673.
The pump was changed to a H4, a capacity intermediate to the H5.
A centrifugal pump was used for solution transfer.
For both plants, (Table 85) the productivity increased, operating costs decreased and
treatment effectiveness improved.
14.7.iii. Economic advantages of process.
Table 86 (Appendix 42) shows the economic and technical advantages, based on salt
usage / salt retention, for three plants treating spotted gum, E. maculata.
14.8. Effects of process changes on moisture contents of treatment. General recom-
mended treatment schedules.
Aspects of effective moisture contents (Chapter 12) for treatment and initial limita-
tions placed on conventional “full -cell” treatments have been examined. One advantage
which became possible with these amended processes, especially the Vacuum-Pressure
Diffusion Process, was the greater flexibility in levels of moisture contents which were
suitable for  treatment.
As anticipated (Chapter 12), the writer found this was related to;
i. The treatment level required for effective protection against the nominated hazard
(Chapters 2, 3).
Table 85
Relative effects (1) of variation of plant design and
of change of vacuum pump capacity on production.
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item plant size and pump outlet diameter
plant A plant A plant B
(poles, (enlarged) (poles,
sawn) sawn)
Condition (x) init mod mod init mod.
cyl. size (m) 15 x 1.1 27 x 1.1 21 x 1.1
vacuum pump (n)     AL673 H5 H5 H3 H4
outlet line-mm. 38 75 75 38 38
Ratio of cylinder
dimensions 1.00 1.00 1.60 1.00 1.00
Ratio of charge
obtained (m3) 1.00 1.26 2.08 1.00 0.94
Increase in vac. (n/a) 42 38 (n/a) (n/a)
efficiency-mm.
Ratio of time to
evacuate cylinder 1.00 0.50 0.60 1.00 0.44
Ratio of time to
refusal 1.00 0.59 0.58 1.00 0.88
Ratio of treatment
time (2). 1.00 0.92 1.21 1.00 0.75
Actual time (3)
for charge, mins. 123 113 149 226 169
Production cap.(4)
m3 / min. 1.1251.5341.938 1.16 1.47
Relative charge
daily production 1.00 1.36 1.72 1.00 1.27
notes;
(after Cokley and Smith, Rep. no. 6, 1965b)
1. Effect compared to original plant condition.
2. During alteration, plant A amended solution transfer  system to use of pump. Time data in plant A
taken to end of pressure cycle.
3. Actual time in plant A includes increase of 15 mins. of time of maintenance at vacuum.
4. Production capacity (see notes 2, 3) - total charge  time.(x) condition,  init = as originally installed.
mod. = as redesigned and/or pump size changed.
enlarged = plant A extended plant size principally for special length poles. (n/a) - not applicable.
(n) manufacturer’s  data (Nash, u.d., 1994) for watercooled vacuum pumps. Second stage above 75mm
vacuum.
ii. the preservative used. Thus, for a mobile salt such as borax (Chapters 8, 10), timber
will treat at higher moisture contents than for complex formulations, such as CCA mixtures.
This difference was utilised by the writer in schedules for specific plants operating on boron
salts. However issuance of general schedules was based on the CCA multisalts.
iii. species treatability groups (Chapter 12) were fully applicable for these processes
(cf. Section 14.8.2).
14.8.i Moisture content studies for effective treatments and results.
The author did find greater flexibility, which was, in most species, associated with the
“Stable Green” and the “Commercial Maximum Green” moisture contents (Section 12.5,
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Chapter 12). Table 84 lists ranges of moisture contents studied in extended research at one
plant over a range of species, sources and products.
Table 86 (Appendix 42) describes moisture content results on spotted gum at three
plants using Vacuum-Pressure Diffusion. It will be noted that a range up to 45% mc was
effective for those conditions.
Table 87 (Appendix 42) lists values over a range of plants, of species, and products as
a function of end-use retentions. In all cases, determinations were by oven dry methods and
sample boards followed by chemical analysis. Sampling followed the standard procedure
(Chapter 10) of 6 specimens per condition for each of three charges.
14.8.2 Recommended General Treatment Schedules for use in the full-cell and
modified processes.
These are listed in Appendix 43. It will be noted that;
i. No species groupings (as in Appendix 26) are listed.
ii. qualifications are made in a number of schedules as being “subject to test”.
iii. Limitations are placed on moisture contents in terms of species and products.
The restrictions (including non-classifications based on treatment groups [Chapter
12]) were both legally and technically necessary due to the practices by a number of plants,
especially when “customer treating” was carried out. For these, the products would be
delivered in bundle form and could be placed with other products (and species) to “make
up a full charge volume”.  Restrictions (and approvals under the Acts [T.U.P.A, 1949])
issued for the general schedules, placed an onus on the treater and plant operator to ensure
the product for treatment met the specifications as nominated, or was tested before
utilisation, or sale, as having been treated (Chapter 2) by an “approved treatment”.
It will be noted that, due to high capital cost of this type of plant, use of “bundles” in
treatment, practices of “customer treatment”, the general schedules are based on standards
for “refractory timbers”.
Author’s note; the need for these restrictions in “custom treatment” is illustrated by
two examples. They were;
a. a large number of “pre-packed bundles” of small sizes of sawn plantation softwoods
were supplied to a plant for  CCA treatment to a high hazard retention, but tests by the plant
operator demonstrated that moisture contents were above the range advised for the
nominated treatment level. The bundles were “broken down and self-stripped” until tests
showed moisture contents were satisfactory for the required treatment retentions.
b. similar problems were encountered for small diameter plantation softwood “rounds”,
or fence paling timbers. Care was taken to ensure moisture contents were reduced to suitable
levels for treatment.
Where “customer treatment” was not practiced, or where a plant was operating on
standard conditions, including the species range (eg. Group 1, 2A, Chapter 12), the writer
issued a modified schedule in those situations. That also applied to use of boron salts.
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Chapter 15
EFFECTS OF WOOD STRUCTURE AND PRESERVATIVE DISTRIBUTION
ON SERVICE OF TREATED TIMBER (PARTICULARLY HARDWOODS) IN
TROPICAL AND SUB-TROPICAL ENVIRONMENTS, INCLUDING MARINE.
ROLES OF CALCIUM AND MAGNESIUM IN MARINE BORER ATTACK.
15.1. General Service Results.
An over-riding Departmental mandate (Chapter 1) and which justified the extensive
(in time and costs) research and industry application in timber preservation  was for the
economic conservation of the State’s natural resources, while, at the same time, enabling
decentralised, varied types of manufacture, of employment and independence from external
supplies of these products. Necessary legal (Chapter 2) requirements were established. The
large numbers and diversities in (particularly the hardwoods) species and in their physical
and chemical properties (including durability, treatability), led to the research described in
earlier chapters.
The writer’s research programs in establishment of the industry are summarised in
Flow chart 1 and they show the multi-faceted needs for research  into many fundamental
questions of preservative penetration into angiosperms and similar need for research into
process principles and applicabilities to local conditions and timbers rather than  depend-
ence on data developed overseas primarily for gymnosperms. Development included
requirements to extend the research to industry and service applications. Here, as in
treatability, differences between species became important factors in service.
15.1.i. Service effectiveness of treated products.
In this chapter, the writer analyses the  effectiveness in service of treated products over
the ranges of applications wherein they were used. Unless that service was adequate,
economic and satisfactory for the intended uses, there were no advantages in preservation,
nor would the resource conservation aims  be achievable.
15.1.i.a. A vital component part of the questions which required answers had included
the service performance of hardwood sapwoods after preservative treatment.
That applied in the wider context (Chapter 8) of sapwood (as compared to softwoods)
and, in particular, after its impregnation by  general purpose, water-borne multisalts. In the
former group of species, an average of only about 36%  of the wood is penetrable by
preservatives, but for  the latter about 95% is treated. The larger volume, ie. fibres, in  the
angiosperms is not protected. There is a difference between moisture penetration, for both
liquid and vapour phases, compared to preservative penetration with this latter being a joint
function of the mobility, reactivity and type of preservative. It was suggested if wood was
impermeable to water in the aqueous phase under pressure, it was unlikely to decay (when
used above ground) if it was subject to intermittent wetting. The writer (Cokley, 1965 c)
considered this was invalid and water penetration in the vapour phase was significant, an
approach which was shown correct for local conditions.
15.1.i.i. Where insects were the principal hazards, the macro-structures involved,
relative to insect dimensions such as Lyctus larvae, resulted in a masking of problems due
to  differences caused by preservative distribution in hardwoods. When hazards were micro,
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eg. certain fungi, variation in the site of preservative protection in these timbers became
significant and is shown in this Chapter.
15.1.i.ii. When exposure was to decay organisms, evidence accumulated by all
laboratories showed that the timber substrate (Da Costa, 1969) was critical in service
performance of a preservative. McQuire (1974) reviewed use of boron compounds for
building timbers. In all such studies, natural durabilities (Chapter 3) are significant when
heartwoods are tested, but the sapwood durability is rated as being very low and needing
preservation.
15.1.ii. Preservative treated products included;
(a) Building timbers in all species used by the industry. These were for  “under-cover”
conditions to give insect control, including termites  and low, to moderate, decay control,
for external, above-ground applications.
(b) Hazard conditions (eg. for “in-ground” fence post applications) for which the
economic replacement costs, risk to person, or service, were minimal. Exceptions, such as
stock fencing, were economically significant.
(c)  Cooling tower products, almost totally plantation softwood timbers, for large
tower “fill”. They did include hardwoods for smaller industrial air conditioning systems.
(d) Marine piling and other marine uses, such as oyster stakes.
(e) Transmission poles for telecommunications and power purposes.
(f) Special products.  These applications very frequently included “fire-retardent”
properties as being necessary specific requirements in the preservative.
f.i. Marine, or external, plywood for boat construction, for railway coach sides (to 17m
x 4-5m in size) and for bus floors.
f.ii. Purposes associated with  high safety and security  control of buildings. Two
special applications were in;
(a) Timber, or plywood, as decorative surfaces for “new age” metals, or plastics (fire
and impact resistant), for doorways and wall panelling.
(b) Large surface area, distortion free, lightweight, security doors for specific public
buildings.
(g) Roofing timbers in large sizes for covered high volume storage reservoirs in urban
water reticulation systems. This use required special control, often with an additional
protective sealant, to ensure that no chemical contamination was possible.
Due to possible health risks, there were (Chapter 10) restrictions on preservation of
special products.  These  included children’s playpens, meat skewers, chopsticks, ice cream
sticks or disposable  medical tongue depressors (made in pine).
15.1.ii.i. Co-ordination of applications of preservation  with recommendations  on
utilisation of local timbers for building and general (eg. poles) applications.
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By co-ordinating preservation requirements with general  utilisation groups (Watson,
1964), the writer established relationships between timber species, end products and
preservatives, especially CCA components.
15.1.ii.i.i. Adequacy of the preservative penetration in terms of active components and
service hazard.
Author’s note. As emphasised in Appendix 44 and Chapters 10, 11, 12, the salt form
is very important in treatment and service performance. Unless otherwise stated, for
preservatives, especially CCA formulations, references to a component in terms of its metal
ion implies reference to the salt form and not the element only.
Many machined profiles, such as flooring, mouldings, or external products, such as
“chamferboards” (AS 01-1964), were manufactured from initially larger sections when
treated. This had exposed lower levels of treatment to the service hazard. Care was required
to ensure (Chapter 2, AS 1604-1980) that the “core retentions”  were at the  minimum
concentrations of active preservative prescribed for such hazard.
15.1.ii.i.ii. “Reactivity” (Chapter 8) and “Wettability” (Appendix 15) of timber
species were both factors. The Argyrodendron species (Chapter 8, Appendix 15) are
examples of major “wettability” problems, with red tulip oak being less hydrophobic than
the other three species.
In certain rainforest species, especially the tulip oaks, Argyrodendron spp. and very
markedly (Chapter 8) for yellow walnut, Beilschmiedia bancroftii, there occur zones of
variable CCA component distribution and/or selective component absorption (Plate 6) in
the latter species.
Specifically for  Mackay tulip oak, Argyrodendron actinophyllum  subsp. diversifolium,
compared to the  red tulip oak, Argrodendron peralatum, (where the copper concentration
is within normal variation [Chapter 11]), penetrability (Table 89) of the copper component
is at very low levels, with normal penetration of the arsenic and variable, but adequate,
chromium, components.
For the other tulip oaks (brown and blush) species, copper component penetration is
variable with source, but “rejection” (Chapter 8), or very low levels, of copper salt and
decreasing towards the “core”, is reasonably consistent. However, for these latter two
species, the arsenic component increases approximately inversely to the copper compo-
nent.
15.1.iii. Service Results.
These are described in detail in Appendix 44, but are summarised here as below. Of
these, separate discussion is made of end use products for marine and transmission pole
applications. Conclusions are based on  about 40+ years service  for Lyctuscides, such as
boron products, and about 20 years for the general purpose CCA salts.
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Table 89
The Influence of differential absorption on retention
of CCA salts and component ratios, by red tulip oak
and Mackay tulip oak, Argyrodendron spp.
species component (1)(2) total
and data Cr Cu As salt
X(a) C X C X C X C
red tulip oak.
%  m/m 0.70 0.36 0.38 0.21 0.51 0.23 1.59 0.80
ratio 44.3 45.0 24.1 26.3 32.3 28.8
Mackay tulip oak.
% m/m 0.33 0.09 0.11 0.03 0.26 0.11 0.70 0.23
ratio 47.1 37.5 15.7 12.5 37.1 50.0
nominal ratio
39.0 (3)      22 33-34
notes;
(a)  X  =  total cross-section (25mm boards)-starch positive.
C = core section (25mm boards)-starch positive.
(1) mean of charge samples (6). Tests repeated over a series of charges.
(2) Cr— potassium dichromate anhydrous.
Cu— cupric sulphate anhydrous.
As— arsenic pentoxide anhydrous.
(3) Nominal formulation Brand A, Type 2 (AS 1604-1980).Similar results found with all CCA salt types.
During the periods under discussion, service climates (Chapter 3) for exposed timbers
included major floods, cyclones and excessive wet seasons which were, in many years,
preceded by droughts.
15.1.iii.i. Products cited as class (a) for internal, or protected, situations.
Based on more than 40 years for boron salts and 20 years for CCA respectively, service
data showed only very low percentages in this group were subject to ground contact, or high,
decay hazards. That was except for (Chapter 3) applications such as for “slab-on-ground”
construction, house stumps, or “pole houses”, for minimal ventilation in roof, or enclosed
wall, cavities (Chapter 3). General insect control, eg. against Lyctus spp., was good.
Considered from the service aspects, it may be stated that CCAs have given good
protection against all insects, inclusive of the termite species such as Mastotermes
darwiniensis (cf. Section 15.5.iii.xiv) and against the higher wood destroying fungi, eg. the
Basidiomycetes. Creosote has shown some weaknesses against termites.
15.1.iii.i.i. For the high hazard applications, problems arose especially for “in-ground”
transmission poles and for marine uses, typified by marine piling and by oyster stakes.
Due to these experiences, the author (Cokley, 1969) had  recommended to the Forest
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Products Conference that, though CCA salts were considered the then best  economic,
water-borne, preservatives commercially available, urgent research should be undertaken
into possible alternatives.
That (Chapter 10) recommendation was adopted.
These two service developments and problems, with actions taken, are examined in
subsequent sections.
15.1.iii.ii. Relativity of service performance to the CCA formulations.
The writer (Appendix 44) demonstrates, citing  evidence on which his conclusions
were based, there were no direct correlations of product service performance to nominal
CCA formulations.
All  data pointed to an equilibrium CCA component balance in the treated products.
15.2. Adoption of treated timbers for power poles and for use in marine situations,
especially piling timbers.
15.2.i. Subsequent to Australian establishment (1957-58) of vacuum-pressure plants
for creosote application, a Symposium (Post Master General Department, (Aust.), [short
title P.M.G.], 1963) was held on possible use of pole species with lower heartwood
durability where the sapwood had been treated with  preservatives, including by creosote
and the then available CCA formulations. A symposium recommending use of CCAs for
utility poles (separately organised from the one by P.M.G.) was held in Brisbane, cira 1962/
3. The latter, for especially the Electrical Board managers and distribution engineers and
at which the writer was a guest, was by a representative of an overseas preservative group.
In a number of aspects (based on the then information), Australian Electrical and Harbour
Authorities were (cf. Section 15.5.ii, on electrical “leakage” or conductivity) under the
beliefs that;
(a) fixation was very rapid for these salts.
(b) consequently,  CCA (and creosote) treated poles and piles could be used reasonably
soon after treatment.
(c) standard inspections, which involved excavation of “butt” and “below-ground
line” zones, were not required for a period (which was not formally nominated) and poles
were to remain “intact”.
15.2.ii. Boyd and De Campos (not referenced in  text) had independently determined
that the primary strength source of a round pole  was in the outer intact annulus of 12mm
radius of wood. Consequently, Queensland authorities and Australian Standards (AS 0117-
1970) based specifications and the design criteria for treated poles on those works.
Australian Standard AS-0117 (1970) did not limit species after treatment, but Queensland
power authorities  (State Electricity Commission of Queensland, 1974 [revised from earlier
issues]) limited species primarily to Durability class 1, 2, although E. maculata, and E.
citriodora
Poles from the Evelyn Tableland area (N. Queensland) did require special approvals
as  the typical sapwood depth (Chapters 3, 8) was only about 5 to 10mm.
Conversely, as design life for dwellings was of the order of greater than 50 years, it was
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considered by the Queensland Housing Commission that, if the treated sapwood did fail in
service, the durable heartwood of the approved species should provide adequate cross-
sectional bearing surfaces. Thus, the Queensland Housing Commission prescribed only
durability 1, 2, species for load-bearing house stumps. Approval was given for use of E.
maculata, under certain conditions, from several sources (Chapter 3). This restriction was
imposed as the bearing surface was significant in design and where, dependent on soil
conditions, if significant heartwood decay  resulted in a residual annulus only, the load may
cause “sinkage” of the structure. This effect of “sinkage”, for loads built on supports, eg.
piping, had been noted in the blacksoil areas of the Darling Downs.
15.2.ii.i. Reasons for extended  research, for industry surveys, training of inspection
staff of principally, but not solely, the electrical authorities and research into establishment
of preventative “in-situ” treatments.
The legal and the industrial implications, especially for power transmission poles, are
discussed in Appendix 46. As described in Sections 15.5.i.- 15.5.iii, the resources of the
Forestry Department and industry were extensively involved for a number of years on this
problem, leading (Appendix 46) to submission, by the writer, of a research program into
fundamental aspects.
15.2.iii. Quantity usage of treated transmission poles.
The usage of treated poles (Mason, 1973) in Queensland rose from an initial quantity
of 5000 poles in 1962 to an annual average of about 45,000, such that by 1971, a total (all
authorities) of 461,000 had been installed, inclusive of 46,000 for P.M.G. and Queensland
Railway usage. In 1974, there were about 500,000 such power poles in service in
Queensland. There was a further projected requirement of 330,000  (S.E.C. Wood Pole
Committee, 1973, 1974) over the decade 1974-1984.
In Victoria and Tasmania, the “regrowth” eucalypts of durability classes 3, 4, (eg.
mountain ash) formed the major bulk of supplies. “Heart Rots” became a possible serious
problem for the latter class of species.
15.2.iv. Initial use of softwoods in transmission poles.
Telecom (then P.M.G. Department) did use large quantities of softwoods in southern
States and, in 1963-64, in co-operation with that Department, a commercially sized
(Waldron, 1965), statistically controlled (in terms of seasoning and treatment levels)
project was initiated. The project involved 400 mainly  slash pine (plantation) poles, P.
elliottii var.elliottii. They were treated with  multiple retention ranges of CCA salts,
installed by the P.M.G. and were kept under inspection.  A number were still (1994) in
service in Brisbane areas. No significant “soft rot” problems occurred, but “shelling” of
outer wood layers were noted in some poles. A large number of P.M.G. “marker posts” in
treated softwoods had also been put into service with satisfactory results.
15.2.v. Marine products.
Over the same period there was a heavy demand for piling and similar, for harbour and
jetty works including new ports, boat harbours, tourist resorts. No independent quantities,
as for poles, were correlated. Separate evidence indicated  in excess of 3000 had been
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installed for these latter applications. In New South Wales, an additional large volume
market was for oyster stakes from treated hardwoods in very small diameters.
15.3. Aspects in service performance of the CCA multisalt formulations.
15.3.i. The fixation of CCA salts and its significance in service life of treated products.
These are examined in Appendices 44 and 45. Considered in terms of service life and
leaching, the writer suggests the “crystallised plug” (Chapter 12, Appendices 44, 45], is
preferentially removed. It should be noted that Plates 3a, 3b, taken of piles after marine
service, demonstrate removal of the “crystallised plug”.
Thus, in consequence, the final situation was equivalent (Chapter 14, Section 14.1) to
initial treatment of the timber by the “Empty Cell” process and, hence, at much lower salt
concentrations. In contrast, data typified by Table 67 (Appendix 30, Chapter 12) based on
soxhlet extraction (Appendix 45) from power poles  (above ground) after six years of
service, including floods, demonstrate a much greater level of residual salt.
15.3.ii. Fixation research, including leaching and the  residual salt effectiveness as a
preservative treatment.
Appendices 44, 45, discuss the range of relevant research on this topic and reasons for
it being carried out. The standard procedure developed by the writer is described in
Appendix 45. In-service performances of residual salts in terms of “fixation” were
significant in studies of CCA resistance to hazards. Consideration of “fixation” and
“residual soluble salts” extended to service environments and included soil type, soil
moisture content, aeration, soil pH and presence of extraneous chemicals. They included
marine and climatic exposures.
15.3.iii. Service problems in marine piles, in oyster stakes and transmission poles.
Major problems were encountered in speciality engineering and associated fields of
marine timbers and power poles. These are discussed to correlate the relationship  of CCA
preservatives and species to the hazards. These include aspects such as industrial, or safety,
requirements. It is pertinent to note that, for  all topics, the initial discovery of problems
arose from “unplanned checks” by field staff (poles), or early failure of marine products.
15.3.iv. Legal, industrial influences on usage and on the research aspects of service
problems in round timbers used by Government Departments and Statutory Authorities.
Relevant aspects are described (Appendix 46 and Sections 15.2.ii, 15.2.ii.i), including
resultant administrative organisations, especially in the Electrical Industry. For poles, it
became necessary to follow procedures other than ones directly applicable only to the
investigations into, clarification of, examination of problems and led to research into
remedial, or rectification, practices.
15.3.v. Deterioration in marine piling and transmission poles; related discussion of
These will be examined in terms of:
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15.4. marine environmental hazards.
15.4.i. Service results and failures of CCA treated  hardwood piling timbers under
marine exposures. Joint taxonomic surveys for especially tropical waters.
15.4.ii. The suggested roles of calcium and magnesium in the attack of treated piling
by marine animals.
15.4.iii. The correlation of especially calcium (Ca++) and magnesium (Mg++) ions with
salinity determinations, which have been classically based on an analysis of total soluble
chloride (Cl-
15.4.iv. Hypothesised reasons for the failure of hardwood marine timbers (treated with
CCA salts) against attack by marine animals in saline water conditions.
15.5. transmission poles.
15.5.i, Industrial service problems of (particularly CCA) treated hardwood transmis-
sion poles.
15.5.ii. electrical “leakage” (or conductivity) in power transmission poles;  associated
industrial problems.
15.5.iii. “Soft Rot” attack in poles.
15.4. Service Performance of CCA Treated Timber in Marine Environments.
15.4.i. Initial service studies.
15.4.i.i. Initial Queensland tests (Queensland Forest Service, file 143/1A, u.d., circa
1963) of CCA to marine borers were exposed, in the Brisbane River, at a site of high severity
from Nausitoria spp. Watson (Q.F.S. file 143/1A) reported failure of CCA treated Eucalypt
sapwood.
A section of double treated (creosote and CCA) pine frame had been included. To then,
this was the only study of double treatment. Watson (1957) had previously examined
salinity relationships to marine organism attack.
15.4.i.ii. Howick (1965) reviewed then Australian test results.  Treated Eucalypt spp.
were severely attacked at Port Hedland (West Australia) and Tamblyn had (1966)
consequently advised against treated (CCA) hardwood piles north of Sydney and Perth. The
local decision (Q.F.S. file 143/1A u.d., circa 1966), at a senior Departmental level, resulted
in continuation of approvals (T.U.P.A., 1949) for use. A similar decision was made by the
New South Wales  authorities and by the relevant Harbours and Marine Departments in
these states.
15.4.i.iii. Failure of CCA treated marine piles in North Queensland.
In January 1969,  after a service life of only 2.6 years, massive marine borer infestation
(Perman, 1969) was found at Bowen Boat Harbour (Plate 7), such that 47 of a total of 56
CCA treated (Brand A, Type 2) piles were condemned.
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The species included spotted gum, E. maculata, ironbark, prob. E. paniculata and
turpentine, Syncarpia glomulifera.  Marine organisms (Perman, 1969) included Dicyather
caroli, Bankia sp., Teredo tristii and Martesia striata. Neither Limnoria spp. nor Sphaeroma
spp. were detected in any of the piles. Preservative treatment had been carried out on air
seasoned material (17-30% moisture content). The piles had initial CCA nominal retentions
of 32 kg/m3 obtained in the sapwood. Treatment records and solution analysis data (cf.
Chapter 10) held by the writer’s laboratory and the treatment plant confirmed the original
CCA treatment (Appendix 44) was satisfactory. Analyses of specimens from  44  piles, at
a point 1.2m from the head, ie. above tidal range, showed residual values in sapwood of 27-
30 kg/m3. The average (analytical)  CCA values, residual distributions within piles above
tidal zone and  for submerged depths (also refer below), are cited in Tables 90, 91 (Appendix
47).
15.4.i.iii.i. Specific Results.
On-site investigations and chemical analyses showed;
(a) Degrade (Plates 8,  9a, 9b) was very severe in all sections, inclusive of the treated
sapwood and was most severe at mudline.
“Mudline” is defined as that section immediately above the point at which the pile is
embedded in the “bottom”. For Bowen, the mudline was at 9m, with a tidal range of 2.5 to
4m. Residual water depth, at low tide datum, was about 4m. Berthing pile distances ranged
up to (Plate 7, Map 4) about 20m.  The “head” is a common term for the top of a pile.
(b) Detailed studies, including chemical analyses, were made of   44 failed piles. These
included the distribution of CCA components at varying depths from the head to mudline.
The writer found (Cokley, 1969) there were large variations of total salt retention,
component balance and distribution and  results had a significant relation to depth in water.
Summarised results of chemical analyses (all 44 piles) with variations in sapwood zones and
depth of immersion are shown in Tables 90, 91, (Appendix 47) and Graphs 76a, 76b, 77a,
77b, 78a, 78b, 78c.
(c) There was a marked “migration” of the copper component from the inner zones of
treated sapwood towards the outer 1.5mm surface layer of the pile. This (Cokley, 1969) was
subsequently confirmed in other areas (refer results from Mud Island and Darra [Sections
15.4.i.vi.i and 15.4.i.vi.ii below). McQuire (1971) reported movement  of the copper salt
(d) results also showed a highly significant effect of both gradient position and depth
of immersion on the distribution and concentration of the arsenic component.
(e) there were least changes for the chromium component, for values of which the total
salt generally followed (Chapter 10) similar curve distribution relationships.
15.4.i.iii.ii. Detailed studies of the Bowen piles showed three important reasonably
constant relationships. These were;
(a) all piles below tidal range showed surface softening, and erosion.
This was particularly so at, and near, the mudline (9m), with evidence of “mud
impregnation” at and below that depth. Although no positive cause thereof could be then
determined, subsequent research and association with pole problems, strongly suggested
either “soft rot”, or bacterial, invasion as a possible cause. Such bacteria could include
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copper solubilising bacteria.
(b)  Detailed study, including microscopic, indicated the initial entry of larvae was
frequently associated with areas of fibre cells. Subsequent enlargement of the animal was
such that borings were many times greater than any respective wood cell. The fibres are not
protected by preservative (Chapter 12) except by a preservative film from treatment on the
pile surface.
(c) microscopic (Plates 3a, 3b, Chapter 12) as well as chemical examination and
comparison with zones above tidal range showed clearly that salt loss was invariably
associated with depletion of the deposited “plug” in the vessel lumina. Residual copper was
detected in the vessel wall area. The writer considers it significant that he found the same
characteristics, viz. loss of the “plug”, in both laboratory studies (Appendices 44, 45) and
in certain terrestrial service exposures.
15.4.i.iv. Failure of treated piles at Mooloolaba (S. Queensland, approximately 150
km. north of Brisbane).
The Bowen  (CCA treated piling) results were confirmed by a further (1972) large
scale failure of treated mooring piles at Mooloolaba. Both spotted gum, E. maculata, and
ironbark, prob. E. paniculata
32 kg/m3, failed in approximately 4 years.
15.4.i.iv.i. Based on diver inspection and on underwater photography (Plates 10a, 10b)
of “shaved”  piles (para. [e]), results were;
(a) of a total (Perman, 1972) 46 inspected, 22 were severely attacked, 8 had slight to
light infestation and the remainder were apparently sound.
(b) Marshall (1973) determined the attack was due to principally one species, Bankia
australis.
(c) Chemical and allied studies  showed results, other than the marine borer species,
similar to those at Bowen. For this reason, the results are not tabulated in this discussion.
When compared to the “above tidal” zone data, significant preservative losses had occurred
for the “below tidal” zones.
(d) There were similarities in the types of “bottom” at “mudline”. For the Bowen site,
the boat harbour was on a “mangrove island” with a corresponding typical “mud” bottom.
For the Mooloolabah site, a similar “mud” bottom (but not directly associated with
mangroves) was present.
(e) It will be noted that each of Plates 10a, 10b,  demonstrate the incidence of severe
surface fouling organisms. In addition, they show the difficulty of assessment of degrade
in a pile, even after removal of the fouling. From the surface, entry holes are difficult to
detect, with no external signs of the sub-surface severity of attack and where the borings are
much greater in diameter than the small entry holes.
15.4.i.v. Surveys of service data of CCA treated piles.
By courtesy of the Queensland Department of Harbour and Marine and Harbour
Boards, (Appendix 46) in view of the technical, economic, the legal and public risk, aspects,
urgent inspections, inclusive of diver examination, were  made of all installations through
Queensland. Results were;
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(a) Sites ranged from rivers with high tidal variations, such as the Fish Board Wharf
(Pioneer River) at Mackay, to Cairns and Lucinda Point (near Ingham, N. Queensland).
Sites included coral areas such as Brampton Island, 40km N.N.E. of Mackay. In all areas,
marine borer attack was found but in many cases severity of attack was low. Very severe
teredine attack confirmed at
all sites.
(b) A unique example of attack related to the piling supporting a railway bridge near
Ingham (N. Queensland), which passed over saline areas.
(c)  Bottoms ranged from mud to sand and coral. Stream flows were from very fast to
slow and tidal. Water depths were from > 20m but included sites where the material was
partly exposed at low tide. 
(including rivers, eg. the Pioneer R. at Mackay), tidal rise was in excess of 3m.
Author’s note; salinities in these areas were separately known to conform with sea
water, or were sufficiently saline (Watson et al., 1936) to support a range of marine borer
species.
It was decided that concurrent specific sampling for salinity levels would not be made,
including for Bowen and Mooloolaba. That decision by the controlling group (Appendix
46) was confirmed by the marine borer species attacking  material examined. The writer had
(Sections 15.4.ii, 15.4.iii) separately undertaken analytical study on possible relations of
soluble calcium and magnesium ions with salinity in sea, estuarine and river waters.
15.4.i.v.i. The conclusions reached were;
(a) there was no apparent definitive correlation between  site conditions and severity
of attack. However (Section 15.4.ii), based on inspections, rather than a specific statistical
study of the relationships, this writer considered that “mud”, or “mangrove” sites, were
more severely attacked, than sandy, or coral, bottoms.
The author considered there appeared to be a possible association of severity of attack,
which was found in the presence of “mangrove mud” bottoms,  with his earlier research
(Cokley, 1946) into causes of the red colour in mangrove tannins, rendering them unsuitable
as sources of chemicals for those uses by industry. He had demonstrated the prime cause
of the colour was associated with high levels of magnesium accumulation (including in the
bark) by red mangrove, Rhizophora mucronata, during growth.
In addition (refer the survey by Turner, Marshall and Beesley (discussed, and
referenced, Section 15.4.i.vii), this association of mangroves as preferred breeding sites for
teredo spp., was used during that taxonomic survey.
This relation with type of “bottom” in which piles were placed appeared to  apply (refer
Section 15.4.i.iii) to residual concentrations of CCA salts in the piles tested chemically.
However, to confirm that view would have required very major,  statistically based,
projects not justified under policy (Chapter 1) directives for this writer.
(b) particularly for teredine
timber species or salt retention (as approved) for this purpose.
In many cases where major attack occurred, residual CCA retentions of  > 32 kg/m3
were found.
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However (Table 92, Appendix 47), lower density, coastal, South Queensland and
Northern Rivers (N.S.W.) sourced (Chapter 3) spotted gum, E. maculata, did appear to be
more affected than other species. This may be attributed to high percentages of spotted gum
from these sources which were in service.
The total evidence showed that CCA salts impregnated into hardwood sapwood were
generally ineffective, particularly against the teredines, at service lives of about 4 to 6 years.
This conclusion was confirmed by massive failure of treated oyster stakes (confidential
information to the writer, not referenced) in the Hawkesbury River (N.S.W.), in about 3 to
4 years of service life.
15.4.i.vi. The comparative service performance of and residual salt distributions in
CCA treated piling in two specific alternative sites in S. Queensland.
An investigation was made of two other service sites, where CCA piling had been
installed in S. Queensland.
Author’s note; though definitive site relationships were not studied (Section 15.4.i.v.ia)
as specific research projects, in view of the previous failures, piles from these two
alternative sites were made available by the management (Q.C.L). This  enabled partial
correlation with earlier studies reported by Watson et al. (1936), Watson (1957), in respect
to marine borer distributions and of salinities (refer Sections 15.4.iii, 15.4.iv).
The sites were marine (Moreton Bay) with high salinity and relatively low salinity
water (Brisbane river-tidal) environments. Of importance, the “bottom” for each site varied
from that present, particularly, at Bowen.  Results of examination of the piles included;
15.4.i.vi.i. Mooring piles from Mud Island (Moreton Bay).
In 1964, treated (Brand B, Type 1) piles were installed at Mud Island in Moreton Bay
for dredging facilities. After 6 years, no serious deterioration had occurred, except where
abrasion was caused by mooring ropes. Here, the bottom was primarily sandy. Due to the
failures at Bowen and by courtesy of the proprietors, the piles were withdrawn for
examination and sampling.
Some teredine attack was noted, ranging from trace to moderate. Chemical analysis
was made of the sapwood zones (inner core, outer 1.5 mm, and cross-section) relative to
distance from the head. A total of four ironbark, prob. E. paniculata, and four spotted gum,
E. maculata, piles were analysed. Summarised results are shown in Table 92 (Appendix 47).
They confirmed;
(a) CCA component migration, principally only of the copper salt, occurred between
sapwood zones for “below  water level” results. Depletion was from the “inner core” to the
outer 1.5mm. Thus, on a sapwood cross-sectional basis, the salt components remained
reasonably constant and adequate.
(b) no significant arsenic component migration, nor loss, occurred.
(c) Though no significant change was noted for the chromium component in the
ironbark piles, there were significant changes (including component ratios) for the spotted
gum zones from the “inner core” to the outer 1.5mm, also due possibly to migration of the
copper component.
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(d) for total salts, there were corresponding changes.
15.4.i.vi.ii. Darra Piles - Brisbane River (upstream).
Hardwood piles installed in a jetty (tidal) at Darra, upstream in the Brisbane River,
with approximately six years service, were withdrawn for investigation and chemical
analyses. These are later discussed re the possible influences of calcium and magnesium and
the possible role of arsenic salts as the trivalent (refer Section 15.4.iv.ii.ii), rather than the
pentavalent salt.
Treated by CCA salts (Brand A, type 1), piles  had been installed about 1964. They
showed significant but random attack in about the same service life of 6 years as the piles
at Mud Island.
15.4.i.vi.ii.i. Complete analyses were made of a treated spotted gum, E. maculata, pile,
which was severely attacked by Nausitoria spp. Results, cited in Table 93 (Appendix 47)
and Graphs 79a -79d, are means of analyses of the four (diameters at 90o) sapwood gradients
and cross-sections at (nominal) 1.5m increments. They show about 30% variation around
the mean of each of the four diametrical positions analysed at each vertical diameter. The
data also showed the necessity to examine the gradient distribution rather than the total
cross-section in service investigations of this nature.
15.4.i.vi.ii.ii. The Darra site, though many kilometers upstream, (refer Section 15.4.ii
re roles of calcium and magnesium) is of low, but adequate, salinity and is tidal, such that
severe attack by Nausitoria spp. occurs (Watson et al., 1936, Watson, 1957). However, this
site has a high calcium  availability on the bottom due to its use as an unloading facility for
dredged, dead, coral beds to be converted to cement at a local factory.
15.4.i.vi.ii.iii.a. Ranges of preservative distribution of CCA in service are illustrated
by the data.  They show  variability of distribution and component ratio changes  discussed
in Chapters 10, 12 (and in Appendices 44, 45), relative to service (cf. Section 15.5.iii -
poles).
15.4.i.vi.ii.iii.b. Compared to the results from Bowen and Mooloolaba,  there were
significant differences for residual and distribution results for both the Mud island and
Darra sites.
These differences were also reasons for the writer to examine possible additional
causes for severe depletions of CCA salts (Bowen and Mooloolaba) when compared to the
above zones. This is examined in Section 15.4.iv.
In the present context, material from neither the Mud Island, nor the Darra, site
exhibited the severe erosion of the piles, particularly at “mudline”, found at Bowen.
15.4.i.vii. General status of research (and dissemination of data) on CCA treated piling
timbers.
Chorley (1969, 1971) reviewed the current position with respect to usage. Large scale
tests, assisted by the Forestry Department, were installed by the Department of Harbours
and Marine, inclusive of “double-treated” hoop pine. Sites were as far north as Port
Douglas.
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Hughes (1971) subsequently examined the relationship of marine wood inhibiting
fungi and molluscs of the Teredine family. Turner, Beesley, and Marshall (see below)
carried out a comprehensive taxonomic survey, inclusive of some  Queensland coastal
islands and of Papua New Guinea.  For Queensland, the writer and Mr. W. Kynaston (an
officer specialising in seasoning, utilisation and marine borers) had both participated in the
Mackay survey by Turner and Marshall.  The survey results were published (Turner, 1971,
University of New South Wales, Division of Forest Products, 1970-1972, [joint publica-
tions], Tamblyn, 1971, Beesley, 1971). A total of 43 species were classified. The writer
(Cokley, 1969, 1969) described results of studies into the pile failures to the Forest Products
Conference and the Preservation Committee. Evidence (not referenced) from overseas
workers such as McCloy-Hill, Richards of the Batelle Memorial Institute and the Office of
U.S. Naval Research, confirmed the problem was common to other countries.
15.4.i.viii. Change of utilisation practices in piling by  the Queensland Department  of
Harbours and Marine and the Harbour Boards.
As CCA treated timbers could not be considered to give an adequate, long term
protection for marine piling uses, it was decided reinforced concrete piling would be used.
For most operational uses involving piling, the type of “bottom” in which they were placed
was not a controllable factor. Use of treated softwoods would require metal head bands,
with increases in dimensions due to the lower strength properties when compared to the
hardwood species. The increased initial costs involved in use of reinforced concrete was an
acceptable factor. That action and decision to utilise alternative piling materials was
endorsed by Forestry representatives on the supervising group (Appendix 46) and by the
Department.
The decision meant that reserves of the high strength, high natural durability species,
which, of themselves, with the exception of a very limited number of species, were not
resistant to marine borers (Watson et. al., 1936), should not, under normal circumstances,
be used   for this application.
15.4.i.ix. Legal modifications to approvals under the Acts (T.U.P.A., 1949).
As a result of their proven poor performances against marine borers in treated
hardwoods, general CCA approvals were withdrawn (Q.F.S., 1973) for treatments for these
purposes and special, separate approvals were required for each supply. Applications for
individual approvals were required to bear a certificate of acceptance by the specifying and
construction authority. Approvals were not given for load-bearing structures.
15.4.ii. Postulated significance of calcium and magnesium with respect to marine
15.4.ii.a. Classical relationships of water salinity to marine borer species.
Marine organism occurrence and attack have been (Watson et al., 1936, Watson,
1957) classically correlated with salinity. Becker (1959) demonstrates effects of change in
salinity concentrations on Limnoria tripunctata. However data used by the former workers
(and presumably the last reference) were conventionally based on the general assumption
that salinity was determined, typically by silver nitrate titration methods, as total soluble
chloride (Cl-). expressed as equivalent sodium chloride (NaCl), usually as parts per
thousand (ppt). The writer had, as part of his duties in supervision and operation of the
branch chemical laboratory, carried out the bulk (after circa 1953), of these analyses for
342
Watson’s (1957) paper on this topic.
15.4.ii.i. Based on his extended analyses (Sections 15.4.ii.ii, 15.4.ii.iii), the author
(Cokley, 1975) put forward the theory that, if only salinity was essential, there should be
evidence to support either developmental, or metabolic, needs by marine borers  for sodium
chloride, or its ions.
Though water salinity had been shown as significant, no evidence was found by the
writer that the biology, the nutrition, or development, of these animals was dependent only
on sodium chloride from sea water for development. Thus there could be other elements,
present as soluble ions in the sea water, which may be important in the biological
development of these animals as either larvae or as adults. His  research led the writer to
conclude soluble calcium (Ca++) and magnesium (Mg++) ions in sea water may be these
significant factors.
15.4.ii.i.i. Key components of the theory were;
(a) the elements calcium and magnesium played significant roles in biological
development of, especially molluscs, the genus Teredo and its degradation of timber. As
stated, no similar evidence was found in terms of the sodium chloride present in sea waters
being a biological factor in development, though a minimum level was assumed to be needed
for their occurrence.
(b) If these elements (Section 15.4.ii.ii),  calcium and magnesium from any source,
namely the host timber, or sea water, are key factors in development of these animals, then
they may also be significant in  performance of CCA salts impregnated into, particularly,
angiosperm species.
(c) the assumption of salinity, cited as equivalent  total sodium chloride, based only
on the chloride  (Cl-) ion concentration, is not necessarily valid for this purpose.
The author determined (Section 15.4.iii.iii.) analytical and statistical relationships
between the salinity, expressed as above, with both soluble calcium (Ca++) and magnesium
(Mg ++) ions (and their ratios).
Author’s note; In a thesis on preservation, the writer deems it to be inappropriate to
enumerate, or discuss, the extensive  literature details of especially the biology, the
histology of, Teredo spp., or the extensive evidence which show (Ray, 1959, Greenfield,
1959) utilisation of cellulose, either directly or from associated bacteria. As such, from
these aspects, though additional literature has been consulted, principal reference is made
to a symposium edited by Ray (1959). Authors such as Turner (1959), Lane (1959), discuss
the overall biological and other aspects of these animals.
15.4.ii.ii. In developing this theory, the author based his evidence on three factors,
which are described in Appendix 48. They are summarised as showing  evidence of a
significant anomaly which exists between the “saline” theory and the known occurrences
of calcium and magnesium in skeletal organs of the adult teredines, their absence in the
larval form and for the high concentrations of calcium which is the principal inorganic
constituent in  the “tubes” constructed by these animals.
These studies also demonstrated that there was not an adequate supply of these
elements from the host timber and relate them to metabolic, as well as protective, roles for
these animals. This latter refers especially to possible excess carbon dioxide which has a
negative effect on the growth of these animals.
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The writer cites evidence (Lane, 1959, cf. Appendix 48)  to show that an adequate
supply of sea water is available (4.1 litres per hour per gram weight of the animal) and is
used by these marine borers.
15.4.iii. Possible source of calcium and magnesium from sea water.
The data led the writer to the conclusion that the only available source of such excess
magnesium and of the calcium for metabolic and for protective (calcium) uses, eg. “tubes”,
must be from the sea water environment.
15.4.iii.i. The additional conclusions reached by this writer are;
(a) the primary role of the calcium, additional to nutrition and formation of inorganic
organs, such as the pallets, is a “protective” one. It is suggested this element may be used
to protect the animal against excess carbon dioxide (Appendix 48) from metabolism but
which is present in,  especially, the sea water flowing through it due to the incurrent siphon.
(b) However, it is suggested the magnesium is primarily utilised in nutrition and
formation of skeletal organs. This  may be due to the magnesium acting as a co-factor in any
(c) The author considers (Section 15.4.iii.iii, Graphs 80a, 80b) that the ratio of soluble
calcium to soluble magnesium appears to be also a significant criterion and additional to
factors related to their absolute values.
This view by the writer, of the separate roles of and the ratio of these (soluble)
elements, is supported by the sharp fall in, especially, the ratio below the salinity value of
10 ppt, at which Nausitoria spp. are the only teredine species [Watson et al. (1936), Watson
(1957)] recorded. Above that figure, both the calcium and magnesium concentrations, as
well as their ratio, do show a correspondence with marine borer species requirements of
salinity (Watson et al., 1936) and Watson’s (1957) data (especially figure 3 of the later
report).
15.4.iii.ii. Correlation of elemental concentrations of soluble calcium (Ca++) and
magnesium (Mg++), expressed as ppm, with the “salinity”, expressed as equivalent sodium
chloride (ppt), when measured in local sea waters as well as in estuarine and tidal waters.
If the theory and conclusions were to be valid, presence of a statistically significant
correlation between these two elements and salinity would need to be demonstrated. In
addition, there should be a possible change in their respective relationships both to salinity
levels and to each other for each water type and marine animal.
15.4.iii.iii. Over a number of years, the author surveyed local Queensland waters (with
emphasis on areas which had been previously surveyed by Watson [1957]) in terms of the
soluble calcium and magnesium ions and the total chloride concentrations (by chemical
analyses on filtered samples).  Analytical results showed high statistically significant
correlations between salinity as parts per thousand (ppt), determined as total chloride,
expressed on the basis of sodium chloride NaCl, with the soluble calcium, and magnesium,
respectively, when expressed as parts per million (ppm). These relationships were:
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Ca++   = 16.0453x - 84.0828 (15.1)
r =0.9478 ***
Mg++   = 39.6266x + 90.3385 (15.2)
r = 0.9875 ***
where
x = Total Salinity (ppt) as sodium chloride, NaCl
Ca++ = concentration of soluble calcium - ppm
Mg++ = concentratiom of soluble magnesium - ppm
Author’s note; For reasons similar to those stated in Chapter 8, the writer found there
was a need for improved analytical instrumental methods as illustrated by atomic absorp-
tion spectrography. Using those later procedures,  earlier analytical data and relationships
were  confirmed in terms of micro and trace determinations.
15.4.iii.iv. Correlation of marine borers distributions based on calcium and magne-
sium concentrations, including their ratios, in sea, in estuarine and tidal waters.
Evidence indicated the actual calcium/magnesium ratio to  salinity (NaCl) is variable
with site and was possibly indicative of a local high concentration of one of the two
elements. Further research, including isotopes, was proposed but policy limitations applied.
15.4.iii.iv.i. Using the above relationships, comparisons (Graphs 80a, 80b) were made
of both (soluble) calcium and magnesium (ppm) concentrations and their ratios, against
Watson’s (1957) data on salinity (ppt) and on  severity of attack on samples of turpentine,
Syncarpia glomulifera.
This species [Watson et al., 1936) has a high reputation of resistance against marine
borers, attributed (Watson et al. 1936) to a high silica content, a relation queried by Da Silva
et al. (1975). Those latter authors, after examination (using SEM and E.D.A.X.), of silica
in turpentine, where it occurs as globules in  parenchyma, concluded silica was not the
significant factor.
Service data showed brush box, Tristania conferta, which has a very high silica
content, is not resistant.
15.4.iii.iv.ii. It is of interest to note  this anomaly may be reconciled by examination,
for each species, of respective concentrations of calcium and magnesium.
For the turpentine, calcium (as CaO) is less than 2% of the ash (viz. 1% of the wood)
and the magnesium (as MgO) is approximately 1% of the wood ash, but this figure is
significantly lower than mean values (Swain, 1928) over a range of species, namely 35%
for calcium (CaO) and 14% for magnesium (MgO) for a mean wood ash of 0.5%. For brush
box, Tristania conferta, comparative figures are 25% and 10% for an ash value of 0.88%.
Long term general analytical data for other purposes, carried out by the writer, confirmed
these orders of values. That elemental relationship may explain why plantation grown
turpentine from Hawaii was not resistant to marine borer attack.
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15.4.iii.v. Correlation of results determined using the  formulae with artificial sea
water.
The survey included estuarine and tidal waters as well as sea water samples. There
were statistical relationships between the elemental values and, in this context, their ratios,
with salinity. For authentically sourced sea and lower estuarine waters, the salinity varied
from about 25 ppt upwards to 40 ppt. Though analytical measurements were made to
salinities (upstream) of 5 ppt, for upper estuarine to tidal, low salinity waters, ratio values
are shown (Graph 80b) only down to 10 ppt.
Results were compared to  published data on artificial sea water (Handbook of
Chemistry and Physics, 1967-68) used normally for corrosion studies. Importantly, the
writer found reference (Becker, 1959) to a successful use of artificial sea water in marine
borer research.
The theoretical sea water ratios (of soluble calcium to magnesium) were found not to
be applicable to the tidal ratios, which were lower. For the artificial sea water standard, the
nominal ratio was;
(Ca++) to  (Mg++)  = 0.315            (15.3a)
Based on equations (15.1) and (15.2),  ranges in their  ratios and mean values were;
(a) For sea and lower estuarine waters, for a salinity from 25 to 40 ppt, the range was
0.293 to 0.333, with a mean value of 0.315.
(b) For upper estuarine and upstream tidal waters, over salinity ranges from 10 ppt to
20 ppt, the ratio varied from 0.156 to 0.268.
(c)  The overall mean ratio of these elements found (all sea and estuarine sources) was;
Ca ++ / Mg ++ =  0. 276 +/- 0.041     (15.3b)
(range 0.2126-0.3174).
15.4.iii.vi. Possible experimental verification of these theories on the significance of
calcium and magnesium in the biology of marine borers and the possible source of these
(soluble) elements from sea waters.
Becker (1959) had shown that marine borers could be studied using artificial sea water.
The author considers his theories could be evaluated by utilising similar techniques.
The hypotheses could be tested by examination of the survival and development of
larvae and adult animals transferred to an equivalent solution of sodium chloride only, as
compared to artificial sea water containing other cations and anions. The development
could be traced through the biological cycles by use of radioisotope “tagged” salts.
Subsequent survival studies in infested timbers exposed under similar conditions would
confirm  if the (soluble calcium/magnesium) theory was correct but departmental  policy
precluded that extended research by the writer. This technique would concurrently enable
controlled study (cf. Section 15.4.iv.i) of toxicity of preservatives against larvae (in terms
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15.4.iv. The writer sought an explanation for the proven ineffectiveness of hardwoods
treated with CCA salts to give adequate protection against most of these organisms. These
studies and the conclusions drawn are described in Appendix 49 and may be summarised
as;
a. a possible symbiotic relationship between bacteria and the larva, as well as in the
adult borers.
b. suggested relationships to soft rots, but the writer does not suggest a complete
similarity to the terrestrial occurrences of these fungi.
c. as depth of immersion and type of “bottom”, wherein the piles are embedded, were
found to have roles, the suggestion is made that aerobic and anaerobic organisms may both
be involved. A possible relationship to either solubilisation, or detoxification, of the CCA
components (see below) is also hypothesised. The writer places emphasis on the possibility
that bacteria, both within the animal and, for example, in the “bottom” environment, are
involved in the ineffectiveness of the preservatives.
15.4.iv.i. Tentative theory for  ineffectiveness of CCA type preservatives  against
marine borers, especially in treated sapwood of hardwood timbers.
The writer considers the evidence points strongly to the  needs, emphasised by the
preservative distribution in hardwoods (as compared to softwoods), to differentiate
between the preservative system, its toxicity against and requirements - including form in
which it is applied - to prevent  larval attachment and developments when compared to
preservative systems aimed at protection against the adult animals.
In support of this theory, he submits;
a. Multiple evidence  (Watson et al., 1936, Ray, 1959), additional to salinity, is stated
in literature to show  variation of attack (and its severity) and larval entry, as functions of
the water height, temperature, turbidity, light and pH. Aerobic/anaerobic microflora and
bacteria are discussed (Ray, 1859). The author prefers to define  (Chapter 3) such influences
as “aquatic environments”.
b. In examination (Chapter 9) of modes of attack, insects were classified by Mansour
and Bek (1934) on their digestive mechanisms and on principal wood constituents for their
nutrition. Concurrently, Cummins and Wilson (1936), after tests made on the larvae and
adult Lyctus beetles, had concluded (Chapter 9) that preservatives for that insect should be
tested using larvae.
15.4.iv.ii. The writer suggests the ineffectiveness of treated pilings is due to the
inadequate appreciation of the significance of either the aquatic environment, or of
sequences of infestation in terms of the preservative.
This applies to the separate roles played by larvae (attachment and initial boring
penetration) when compared with those for  the adult boring within the host timber. It is
considered that, accepting the primary larval settlement, this must be considered in
conjunction both with the variable CCA distribution in hardwoods and of a possible
significance of bacteria in larval requirements for softening of the surface. When compared
to softwoods, where there is substantially a uniform salt distribution, access to untreated
zones is much greater for hardwood timbers.
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Author’s note; it was significant, especially in terms of larval settlement, that though
a large volume of logs, imported from tropical countries for local veneer and plywood
production, had, prior to shipping, been “ponded” or “rafted” in tropical saline  waters, no
apparent evidence of larval / adult marine borer infestation had been noted. Exposure to
salinity was shown by positive tests for sodium chloride in outer zones of logs.
15.4.iv.ii.i. If the role of, particularly, bacteria is a cause there arises the possible
detoxification by such bacteria (also pertaining to those present in  the larval digestive
system) of the CCA components.
15.4.iv.ii.i.i. Protection against larval settlement on, and its subsequent penetration
into, the host timber.
The applications of external barriers (Watson et al., 1936) such as Muntz metal, or
copper, sheaths, the use of “concrete collars”, particularly for an inter-tidal zone, demon-
strate this protection system. The principle of application of a repellant, protective
preservative was successfully embodied in  the “floating collar” developed by Johnson
(Watson et al. 1936). This “collar” also physically removed any larvae which had attached
to the pile surface. It was very effective against crustacean borers. It used K55 creosote (a
low temperature creosote with a higher percentage of tar acids than the high temperature
creosote). This was constantly replenished from a reservoir. These, principally the me-
chanical barriers, increased both initial capital and maintenance costs, factors which
influenced (Section 15.4.i.viii.) adoption of concrete for piling.
Deterioration problems exist for concrete piling, and a protective treatment industry
has developed for these.
15.4.iv.ii.ii. Preservative effectiveness against adult marine borers.
Using premises similar to those propounded by the author, Trussel (1959) tested
differences in preservative needs against adults. Under both laboratory controlled and
service trials he tested preservative effectiveness against an adult Teredo sp.
In Canadian tests, using Bankia setacea as the test animal, he  found sodium arsenite
was very effective. In those tests, neither sodium arsenate nor copper sulphate was
satisfactory and did not give protection against the adult. These latter salts are major
components in the commercial CCA formulations. Results cited in New Zealand trials
(Appendix 49) do not support Trussel’s findings that these are completely ineffective and
suggest the effectiveness of these two CCA components may vary with animals and with
both aquatic environments or assessment criteria.
15.4.iv.ii.iii. When compared to Trussel's (1959) results with the arsenite this writer
suggests poor performance of CCA salts, additional to distribution variation within treated
sapwood of hardwoods,  may be partly attributed to and associated with the relative
solubility of the metal arsenites  (calcium and magnesium), whereas the arsenates are
insoluble and hence could pass through the animal gut system in a detoxified form and, thus,
may be expelled through the efferent siphon.
15.4.iv.ii.iii.i. The evidence (Section 15.4.1.iii.ii.b) pointed to a possible preferential
larval penetration through fibre cell areas, where, other than for surface deposits from
348
treatment, no preservative is present.
This is in agreement with the results noted (refer Section 15.5.iii.ii) for soft rot invasion
of poles and the writer considers a selective invasion may also occur in piling timbers. This
would explain published (and this writer’s) observations of probable selective sites for
larval attachments to the host timber.
15.4.iv.ii.iii.ii. As chemical analyses of the “tubes” of Teredine spp. showed they were
(> 99%) composed only of calcium carbonate, deposition of calcium arsenate does not
occur in their formation. Under these conditions, the writer was also unable to detect copper
salts, calcium chromate, nor dichromate,  in the tubes.
Due to absence of all CCA metals in “tubes”, the writer suggests all the CCA
components (co-digested with timber) passed through the gut system in a detoxified state
and thus were expelled through the efferent siphon. To this is added the non-uniform
distribution of these salts in the angiosperms in contrast to that in gymnosperms.
15.5. The service performance of treated hardwood poles in Queensland with empha-
sis on CCA salts.
The initial principles, design and service inspection assumptions, together with the
approximate total number of treated (mainly by CCA salts) power poles have been
enumerated (Sections 15.2.i to 15.2.iv).
15.5.i. Development of service problems, other than from electrical, or soft rot,
conditions.
Subsequent to service installations, a number of problems arose, which included:
(a) Physical degrade, eg. splits, barrel checks and heartwood collapse. Blackbutt, E.
pilularis, poles from Belthorpe, 60 km north of Brisbane,  (cf. Chapters 3, 8) were  very
prone to these defects (Plate 11) and were withdrawn from supply.
(b) Fire Risk (Chapter 10, “afterglow” characteristics of CCA treated timbers),
especially “lightning strike”.
Author’s note; “afterglow” is a phenomenon associated with burning properties of
CCA treated timber (especially softwoods). In it, though general combustion appears to
have ceased, the treated fuel continues to “glow” and is reduced to ash. However
combustion may recommence from the “afterglow”.
Poles were replaced in some areas from these causes.
Due to “afterglow”, until a study had confirmed means of control of this aspect, the
writer had been hesitant to employ “oxy-char” techniques (Appendix 51, and which were
used as standard [and effective] remedial treatment for decay control in the “dressed” poles)
as a prophylactic  measure against soft rot organisms in below-ground zones of the CCA
treated poles, though that method concurrently overcame the untreated (Chapter 12) fibre
problem, heat sterilised decay present and provided a large reservoir of oil-based preserva-
tive in the resultant carboniferous outer layers of the below-ground zone in poles.
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(c) Termites, especially Mastotermes darwiniensis. It was found this termite also
penetrated untreated heartwood from under the “butt”, rather than only radially. Special
local techniques were necessary to control this type of hazard.
(d) Handling problems (cf. Chapter 10) affecting health.
These were principally in early years (1962-1965) of use, when poles were supplied
“green- ex-treatment” and either erected or stored in holding “dumps”. Problems included
dermatitic effects. There were  concerns stated on the “white surface salt” (Chapter 10) with
possible relation to a “surface arsenic” deposit. Protective gloves did present problems
under a high humidity environment.
Health problems were reduced to practically negligible levels by treatment plants
presenting a “clean” pole and with the later (Section 15.5.ii) restrictions due to electrical
conductivity. The occurrence of an industrial health incident (circa 1980), with a require-
ment for involvement and arbitration by the writer, demonstrated a  need for continued
vigilance by both treaters and pole authorities.
15.5.ii. Problems of electrical conductivity, also termed “leakage”.
In 1963-64, as a result of several serious accidents, investigation showed that treated
poles, with CCA in particular, were very electrically conductive for up to at least 6 weeks
after treatment. Serious industrial action arose which was not restricted to the Queensland
electrical industry.
The writer personally confirmed this phenomenon in Townsville, where a service pole
showed a low voltage (240v) leakage at a point midway up the pole.  The nominated six
weeks period was based on studies by the Electrical bodies and was in agreement with the
writer’s findings (Chapters 10, 12) relative to maximum (optimum) fixation. It was a
function of seasoning (moisture loss) to below FSP.
Reliance on the insulating value of timber rested on the relationship that high wood
electrical resistance was a function of moisture content. The resistance fell sharply from
high (megohm) values to low kilohms with increase in moisture content  and it was
influenced by any conducting ions (eg. boron preservative) present. This was vividly
demonstrated after the 1974 floods. After “clean-up work” on a house, mains power was to
be reconnected through the circuits. Following safety procedures, the electrician (a licenced
volunteer aware of the relationship) tested the wet timber (cf. Chapter 3, effects of floods)
switchboard and which was shown to be fully “live”. The power was not re-connected until
a dry board was available.
Author’s note; this period of six weeks post-treatment seasoning was also involved in
and made mandatory for industrial health of the workers.
For deeper depths of sapwood (Chapter 8), the seasoning period should have been
increased but, as conductivity and handling were particularly surface phenonema, the time
of six weeks was adequate as an industry standard.
Standard test safety procedures were instituted by  industry. The “leakage” problem
was found in all states. Experimental studies  (Robertson, 1968, Clarke and Donaldson,
1969, The Electrical Authority of New South Wales, 1967) confirmed the phenonemon.
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Major research projects by Darveniza and Logothetis (Darveniza and Logothetis,
1969, Darveniza 1980), included full length poles and long term conductivity measure-
ments on preservative treated poles. They included CCA, creosote, treatments, and
untreated controls. In the case of poles treated by creosote/oil mixtures, the oil appeared to
retard drying.
15.5.iii. Incidence of “soft rot” attack in treated hardwood poles (termed “Victa
Disease” by the writer).
Historically, this began with samples from three poles submitted (1965/1966) for
examination from the SEQEB (a regional electrical authority) areas. The samples showed
“brittleness”, were hard, but no pathological degrade was detected by the  departmental
specialist. Subsequently (cf. Section 15.5.iii.vii. on Characteristics of soft rot), these were
shown to be symptoms of early soft rot attack.
Author’s note; the Electrical industry was divided into Boards, each responsible for
separate areas in this State, but they were  subsequently re-organised (circa 1977/78) into
separate Authorities. For the purpose of denoting both geographical and administrative
control distribution, the writer describes them principally in terms of the Board (or
Authority).
In 1968/69, BCC (Brisbane) inspectors accidentally tested a treated pole by excava-
tion, resulting in what they had described as “ brown rot” in the treated sapwood. This led
to further excavation with confirmation of the decay. Until 1971, no positive identification
of the causative organism(s) was made by a pathologist. Industry reaction, both adminis-
tratively and industrially, was (Appendix 46) immediate. As the technical member (for
timber) of the Wood Pole Committee, the writer was commissioned, with Forestry
agreement, to carry out urgent investigations, to co-ordinate field staff inspections and to
recommend subsequent actions to the Committee. These are described in later sections of
this Chapter (and Appendix 46). The progressive research and industry actions, involve-
ment of other groups, is summarised in Diagram 5 (Cokley, 1975), initially prepared by the
writer in consultation with the former  chairman of the Wood Pole Committee, other than
a subsequent specific study (Garland, 1975) into the cost effectiveness of alternative
materials.
15.5.iii.i. Factors influencing soft rot incidence and its importance to the Electrical
industry.
As cited below, there were a number of factors which had influenced the research by
the writer and the practices recommended to and taken by the industry.
Consideration of these is necessary in understanding the reactions of the industry and,
separately, the apparent heterogenity found in surveys. They are summarised as;
a. the then  general use of higher fungi, with different modes of attack, as standards to
test preservatives.
b. demographic (Chapter 1) influences on major localised and geographic concentra-
tion of pole populations. This had important effects on rates of soft rot attack and several
examples are described in terms of site indices and micro-climates.
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c. pole quality. Graph 6 (Chapter 8) indicates relevance of sapwood depths to CCA
gradient concentrations (see para. “f” below) and soft rot attack, and especially in spotted
gum, they are significantly over a nominal 12mm.
d. durability rating of heartwoods of species.
e. Site indices and micro-climates.
f. preservative gradients and the significance of the salt distribution, whereby the
fibres are  unpenetrated (for other than the surface [Chapter 12]). The importance of the
“outer 1.5mm” in the treated sapwood is shown.
Of these, items a - d are further examined in Appendix 50.
e. Site Indices (soil and ground cover) and micro-climates in relation to soft rot and its
incidence.
The influence of micro-climates (Chapter 3) has been described for the general effects
of and causes of hazards to timber. For soft rot incidence and severity, these were
significant, but were superimposed on what the writer had described as “ site indices”.
These latter were tested by controlled research studies (Section 15.5.iii.xi.). Five special
cases, additional to the data subsequently detailed, were;
e.i. Mt.Isa (N.W. Queensland), which was described in Chapter 3.
e.ii. the mining town of Moranbah, about 200 km west of Mackay, established in the
late 1960s. The town was supplied with adequate water and thus parks, lawns and gardens
were established. It is located on the edge of blacksoil (CSIRO, 1968), but is “red earth” with
a high sand component and clay subsoil. By 1973, the town soils were very fertile. It formed
a test site (cf. Section 15.5.iii.xi.) for controlled studies. In about 1974/5, most of the general
(additional to test) power poles in the town  showed significant soft rot attack. Districts
inland from Mackay were part of what was termed “the Brigalow country”.
e.iii. The Darling Downs “Black Soils”, or “Black Earths” (CSIRO, 1968), where soft
rot was in excess of 30% of poles inspected. Using both the pole “stability” and its “vertical
inclination” as  indices, the writer determined Darling Downs types of black soil varied
significantly from other soils, also designated as “black soils”. The writer designated the
former as “unstable black soil” and the latter, shown by areas at Nebo, about 100 km west
of Mackay, or by other areas in both Brisbane and Ipswich districts, as a “stable black soil”.
A similar “unstable” black soil occurs near Monto (Central Queensland).  Importantly,
incidence of soft rot in the “stable black soils” was not as severe and was more related to
“surface cover”. This difference was confirmed in controlled studies in the Mackay region.
The “stable black” soils (as well as the alluvial soils) present in the Lockyer Valley near
Gatton illustrate the difference to the Dalby soils. In the Lockyer Valley, though soft rot was
found in cultivation paddocks (similar to Darling Downs soils), the severity and incidence
of soft rot(s) were much lower than in the “unstable black soil”. The high incidence in
Ipswich district areas was related to  especially lawns (cf. e.v below) as well as sandy loam
soils.
e.iv. Clay soils were generally very severe, demonstrated by Roma and Dirranbandi
districts  in S. Queensland and a site at Flying Fish Point (a suburb of  Innisfail) in N.
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Queensland.
e.v. An  outstanding effect was in surface cover (see  the later controlled studies
[Section 15.5.iii.xi]), with particular reference to lawns. This was to such a degree that the
writer named the soft rot problem as “The Victa Disease”, after a popular powered home
lawn mower.
A major unexplained exception was a “red volcanic soil” type. Low incidence was
noted in most areas of this type. That was exemplified by the “red volcanic soil” which
covered wide areas of the Atherton Tableland. Negligible soft rot occurrence was noted in
that region.
e.v.i. Soft rot occurred in wheat cultivated paddocks on the Darling Downs. However,
in sugar cane farms in North Queensland, negligible incidence was observed. The latter
crop is generally grown on sandy type soils. However, large nutrient (nitrogen and
phosphate) fertilisation is practiced as well as protective sprays. The writer also attempted
to assess relationships with aerial spraying, eg. superphosphate, in sheep grazing districts,
but was unable to determine a clear association.
e.vi. Two examples of site effects associated with demographic causes (Appendix 50)
are quoted. They are;
e.vi.i. In southern and western areas of Brisbane and in adjacent districts, former crop
(vegetable or fruit), or dairy, farms had been re-zoned for residential purposes (similarly,
for other cities and towns, eg. Toowoomba and  Cairns, additional to industrial  zoning,
extensive urban re-development included former farming districts). These soils were all
usually highly fertile sandy loams with high nutrient levels, soil depths in excess of 30cm,
were very well aerated with a high moisture holding capacity. Gardens and lawns (including
footpaths) were cultivated.
e.vi.ii. In contrast, were large “canal estates” (Gold Coast),  inclusive of housing
developments at Broadbeach and Palm Beach at Gold Coast City (approximately 100km
south of Brisbane). For these, the building sites and footpaths were primarily  “built up/
(pumped)” sand soils with only a minimum of cultivation. Nutrients, including organic,
were absent. When the writer first (1969-70) assessed poles in these areas, no soft rot decay
problems were noted in any CCA treated poles with service lives of 3-4 years. About  four
years later, a number of decayed (soft rot) poles, reasonably recently installed as power
services had been expanded, were found. Over that period, lawns and gardens flourished,
generally with assistance of added multi-nutrient fertilisers and “organic mulches” to the
basically sandy soils and with “top soil dressing” for some sites being used.
e.vii. Specific examples of site indices (soil, ground cover and aeration).
In addition to controlled studies  (Section 15.5.iii.xi), which confirmed the site
influences found in the surveys, three extra examples are cited. These are;
a. For the “unstable black soils”, soil depth is great, they are subject to “cracking” and
deep aeration, even for relatively moderate ambient humidities.
The writer has demonstrated this effect by placing a 2m crowbar to its full length in
such cracks. When the soil moisture content is increased by rain, the soil becomes “viscous”
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with a “top layer”. Importantly, due to sinkage and “leaning” away from a vertical
alignment  in service, poles in this soil may not have a constant “groundline”.
b. When the writer (with CREB inspector) examined the Cairns to Cooktown power
line, the sequence was significant soft rot to the edge of Cairns city, decrease until Mossman
(moderate), but once the Daintree River was crossed, for over 100 km, only a few  poles with
moderate soft rot attack, were  found. Soil types covered all classifications, but ground cover
was natural vegation and rainforest, until beyond Bloomfield, where coastal (with mainly
sandy soils) vegetation began. At Cooktown, soft rot was again found (urban lawn cover).
c. An apparent anomaly was the extensive occurrence of soft rot decayed poles in what
was “Brisbane Schist”, for which  the natural soil cover and fertility were minimal. Studies
found the sites had been “built up” by top soils for lawns and gardens and this had led to the
15.5.iii.ii. Significance of the preservative gradients and  salt distribution in treated
hardwood poles.
This aspect of preservative distribution was essential in assessment of potential
hazards from soft rot organisms. The significance of cross-sectional (or of total sapwood
thickness) concentrations lies in  the salt gradients and component distribution found in
preservative treatment, differences to softwoods (Chapter 12) and the  variations in natural
durabilities (Chapter 3) of the heartwoods.
Microscopic evidence from pole samples showed the severe, rapid deterioration in
hardwoods was associated with the preferential invasion by soft rot of the fibres, which
have been shown (Chapter 12) not to be penetrated by CCA and creosote preservatives.
Hyphal penetration of vessel walls and the consequent decrease in structural carbohy-
drates, eg. cellulose, may result in leaching (or de-activation) of some, or all, of the
preservative contained in the vessel lumina.
Soft rots are tolerant of normal levels of CCA salts. (Da Costa, 1963)  and Tamblyn
(1972) stated that no currently available preservative will effectively protect treated
hardwood from these fungi in tropical or warm wet sites.
15.5.iii.ii.i. Preservative gradients decrease with depth (Chapters 10, 11, 12) such that;
15.5.iii.ii.i.a. For a cross-sectional retention of the preservative, eg. 16 kg/m3 and
applicable to all types of preservatives, but very important for CCA salts, the outer 1.5mm
of treated sapwood is of the order of 125 -150% of the total cross-sectional loading.
That salt value decreases at the 6mm and 12mm depths. The “core” at a depth of 12mm
falls to 60% of the cross-section, a value which decreases with depth, eg. at 25mm  depth
of sapwood. For CCA salts, the individual component gradients differ, illustrated by Graphs
19, 20 (Chapter 10), 41, 42 (softwoods, Chapter 12), and Graphs 76, 77 (Chapter 15, for
piles above tidal range). These latter were equivalent to  service poles which had been
subject to severe leaching. Table 84 (Chapter 14) shows CCA retention values of 22 kg/m3,
rising to 28 kg/m3  by adoption of  improved treatment techniques described in that chapter.
As later stated (Section 15.5.iii.ii.ii.d), the minimum CCA retention (Q.F.S., 1973)
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was increased to 24 kg/m3
acceptance of the copper component being the effective fungicide (compare Duncan, 1960)
is taken, the nominal gradient for this salt shows  its effective concentration is about 25%
of total salt, falling to 20% at the “core” and is concentrated within the vessels and
parenchyma. These gradients and preservative distribution factors show significance
(Chapter 10) of the writer’s work on stability of and measurement of CCA solutions in
plants and, thus, of treated products supplied to users.
15.5.iii.ii.i.b. The general CCA salt distribution is (Chapter 12) described by the writer
as a “crystallised” or a “deposited” plug in mainly the vascular tissues. Fixation (Chapter
12) was a function of seasoning to below FSP. This became significant (Section 15.5.ii)  in
electrical conductivity problems in poles.
Subsequent (at Cairns, 1971) to formal discovery of soft rot in poles, it was significant
in both analytical and microscopic examination of residual CCA preservatives. Pre-service
leaching of freshly treated poles exposed to extended rain in storage prior to erection for
service led to massive salt losses in some poles. Based (Cokley, 1972) on joint confidential
chemical research with the BCC and independent confidential data ex CREB (associated
with studies on electrical properties), it appeared the critical rainfall level was at, or above,
50mm falling on a horizontal pole within 1 month of its treatment. For freshly treated
vertical poles, leaching, though present, was found to be significantly lower.
Author’s note; included  in the studies of poles attacked by soft rot were analyses of
poles and the surrounding soils (with a control soil sample taken in excess of 1m from the
pole site). The technique was first developed in relation to possible contamination of water
tables, wells (potable water) and creeks.
Da Costa (1969) confirmed differences in preservative performance as a function of
timber substrate. The variability of species performance in cooling towers was discussed
by Walters (1972). The evidence accumulated by the writer (eg. Cokley, multiple papers
1969, 1972, 1973, 1975) demonstrated that (as indicated for marine borer larvae, Section
15.4.iv) a lack of uniform distribution of preservative through hardwood tissues was
significant in terrestrial soft rot attack and confirmed the primary site of attack was via the
untreated fibre tissues. This difference in  distribution effect has been recognised by other
workers (Greaves, 1977  [who quotes this  writer as “private communication”], S.E.C,
1982).
15.5.iii.ii.ii. Importance of the outer 1.5mm of treated sapwood in terms of preserva-
tive retentions and soft rot attack in poles.
The effect of this outer 1.5mm (and its degrade) became important in this writer’s
ratings of soft rot attack. This emphasis was not, as assumed by some workers, as a
measurement, per se, of loss of pole section. Rather, it related to;
a. This outer zone was significantly higher in the CCA (or creosote) preservative
retention (Chapter 10). Attack of and degradation of that zone implied, as for marine borer
attack (Section 15.4.iv), an organism(s) which was significantly tolerant of levels of the
b. As postulated by the writer and based on microscopic studies, penetration of
unprotected fibres indicated an organism(s) with sub-microscopic selective points of entry,
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again similar to the writer’s research into marine borer larval access to piling timbers. This
selectivity had not been demonstrated by either insects or by any higher fungi (which
attacked chemical constituents).
c. Operationally, if this outer higher concentration of the preservative was “breached”,
the residual lower salt levels may not present an adequate barrier to, not only soft rot attack,
but to that of especially the higher fungi which could also attack heartwoods. As pointed
out (Appendix 49), the writer found only minimal, and at a very slow rate, soft rot attack
in the heartwoods of poles.
This “breaching of the outer and treated protective barrier” is described in terms of
rates of soft rot penetration of poles in service.
d. As a consequence of the above research, the Department (Q.F.S, 1973) accepted the
writer’s recommendation (T.U.P.A., 1949) to increase the minimum CCA retention for this
use to 24 kg/m3. By this means, the normal variation (Chapter 10) of salts about the charge
mean of +/-30% resulted in a higher minimum range in  treatments and gradients. This
higher minimum, including gradients, exposed to the soft rot organism(s), was aimed at
slowing down the incidence and rate of soft rot attack. Service evidence indicated effects
were positive, but the increase did not totally prevent attack. The outer 1.5mm CCA
retention increased to greater than 30 - 35 kg/m3.
15.5.iii.iii. Standard pole inspection techniques used by the electrical industry.
It was necessary and desirable for the writer to adapt the inspection standards
developed for “de-sapped” poles to treated poles. The practices were based (Appendix 46)
on industrial safety agreements with line personnel and are described in Appendix 51.
15.5.iii.iii.i. Modifications to the inspection and decay removal procedures.
a. Though discussed in Appendix 46 and elaborated on in Appendix 51, development
by the writer of an inspection and maintenance regimen was an integral part in the
acceptance, including industrial, by pole inspectors and by particularly line crew (and field
This  need was one very essential role in the writer’s extended field surveys, enabling
direct discussion with field crews. Importantly the surveys and subsequent tests in the
laboratory provided a “data base” on which he could scientifically develop and promulgate
the reliable identification characteristics of, to then, unrecognised (in terms of being
anticipated or of causal fungi) major field problems in wooden poles, which the user
industries had accepted as being adequately protected against decay. This necessarily
culminated in the joint “Pole Inspectors School”.
b. for “dressed” poles, one standard (Appendix 51) practice was to “sound” the pole
by hitting it with a tool (such as the back of an axe). Sound wood gave a “resonance” effect,
but decayed wood (or the presence  of internal “pipes”) gave a “dull” sound. For soft-rotted
poles, where the decay was on the external sections, this practice was inapplicable.
c. Under pole inspection and maintenance requirements, all decayed wood (Appendix
51) had to be removed.
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That  requirement was confirmed by the proven ability of soft rot to survive and to
continue degradation of wood tissue below creosote prophylactic treatments (other than
with “oxy-char” techniques).
d. Based on comparison of visual estimate and microscopic assessment of soft rot
penetration, the writer found that “incipient” soft rot penetration was in excess of visual
determination by an average depth of 1.5mm. To meet the above requirements of removal
of all of the “decayed wood”, the writer consequently advised removal of 1.5mm of
“apparently  sound” timber below the visually degraded  wood, thus ensuring (with a
reasonable probability) that the incipient soft rot zone was also removed.
15.5.iii.iv. Results of preliminary survey.
In 1969 (Queensland Wood Pole Committee, 1969) the author described results of his
early in-situ assessments, which confirmed the original line inspection conclusions. They
included (with later pathological assessment) the examination of a total of 20 treated poles
at Brisbane, Nambour and Southport.  No positive causal organism of the decay was then
identified by the departmental (or other) pathologist, other than for three poles discussed
below. The then average life was 3-4 years for most of the  CCA treated poles examined.
Of four Southport poles affected by what was subsequently (Section 15.5.iii.v) confirmed
as “soft rot”, two poles required an immediate replacement. One pole contained about 48
kg/m3 of CCA preservative in the decayed zone, but the density of that zone was reduced
and subsequent  retentions were reported based on “sound above-ground wood” density
values. Later evidence confirmed this density loss was due (cf. Section 15.5.iii.vii) to a
preferential attack by soft rot of the wood cellulose. During the Southport inspections, in
addition to what were then “unidentified decay degraded” poles, three poles were noted as
“being severely decayed” in the treated sapwood for up to 5.7m above ground and, of which,
two were decayed to the full length of 17m, with only a residual outer circle of less than
12mm of sound wood at the head and where the total pole diameter was less that 30cms. It
is not a pleasant experience to feel a pole “sway”, when inspecting it from the top of a ladder
supported by that “degraded” pole.
The causative organism, locally termed “White Death”, was identified by a depart-
mental pathologist as Trametes velutina. The writer recorded loss of “desapped” ironbark
poles from this organism in 10 years.
In the subsequent years, further deterioration of an increasing number of treated poles
were evaluated by the writer for above ground levels, as well as below ground. Density tests
were also made on soft rotted sections and compared to results on sound timber. In some
poles, there was a loss of preservative in the affected zone (“core” and “cross-section”)
when correlated against analyses for sound wood sampled above ground and corrections
made for loss of density in the affected zone.
Unless otherwise stated, analytical results are based on the “core” retentions and
“sound wood” density. For both the 1969 and 1971 surveys and later ones, the evidence
showed possible leaching (Section 15.5.iii.ii.i.b) of the CCA salts was an important aspect
of the research.
15.5.iii.v. Confirmation of causative fungal organisms and the lack of correlation with
CCA salt types.
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In September 1971, of a total of 300 poles inspected in the Cairns Regional Electricity
Board, 31 showed severe “below-ground (or bgl)” deterioration of sapwood and,  of this
number, 11 required urgent, or early, replacement. In these poles, CCA treated sapwood
was heavily decayed below the ground line. This assessment was confirmed by a specialist
forester (J.Bardsley).  Poles (Cokley, 1972) included spotted gum, ironbarks, white
mahogany and had been in service for 3 to 7 years with a mean of 5 years.
Causative organisms were determined (September 1971) by a Departmental Patholo-
gist, Dr. L. Bolland and this was later confirmed by CSIRO, as “Soft Rot”. All poles were
chemically sampled both in the decay zones and in sound wood (at 0.5m above-ground line
[agl]). Soil samples, including controls (and > 1.0m remote from the pole), were examined
but no significant differences were found. Sound wood gave mean preservative retentions
of 25.8kg/m3 with an inner sapwood value of 15.36kg/m3.
Inspections and analyses extended to other areas. Results of chemical retention
surveys are shown in Table 94. This data  includes a wide distribution of both sites and poles.
Chemical analyses of a large number of poles in succeeding years confirmed these results.
Table 94
Frequency distribution of preservative retention (CCA
multisalts) in decayed zones [“cores”] (1971/1972) of
service power poles affected by soft rot organisms in
Queensland  Electricity Distribution areas.
retention pole retention pole retention pole
kg/m3 nos. kg/m3 nos. kg/m3 nos.
(a)(1) (b) (a)(1) (b) (a)(1) (b)
0.0-1.6 1 11.3-12.8 3 22.5-24.0 9
1.7-3.2 2 12.9-14.4 14 24.1-25.6 4
3.3-4.8 0 14.5-16.0 12 25.7-27.2 4
4.9-6.4 1 16.1-17.6 14 27.3-28.8 5
6.5-8.0 1 17.7-19.2 15 28.9-30.4 7
8.1-9.6 0 19.3-20.8 16 30.5-32.0 1
9.7-11.2 8 20.9-22.4 11 32 + 3
total number of poles 131
notes; (a) density determined on individual specimens using displacement methods. Analyses of below-
ground zones affected by soft rot organisms.  These were converted to results based on above-ground
density values for a valid comparison. Corresponding analyses made for the above-ground zones.
(b) number of poles in each analytical group.(1) some poles with low retentions were noted to have low
above-ground retentions. Separate evidence (refer text) confirmed pre-installisation leaching by
severerain early after treatment.
15.5.iii.v.i. For these early poles, treatment evidence was related to only one  specific
preservative type (cf. Chapter 10). This distribution appeared to be related to commercial
marketing by treatment plant firms  to Boards.
To determine if this relationship was co-incidental, the writer arranged (including
J.Bardsley) for inspection of poles in Mackay Board districts,  which had climatic/soil
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similarities to Cairns areas and where the alternative type CCA  had been supplied in large
pole volumes over a similar time span. This confirmed soft rot incidence was not restricted
to one CCA brand type or formulation.
Subsequently, the writer conducted a comparison of the two CCA salt types (and
commercial brands) over a range of Boards which confirmed the above conclusions.
15.5.iii.vi. Administrative actions and extended surveys.
As the treated sapwood was included in design criteria, reaction of power authorities
and industrial unions was immediate. The writer was given approval (Appendix 46) to
involve the Conference and the Preservation Committee. That approval was based on the
restricted nature of both the Conference (cf. Introduction) and the Committee, such that, at
that date, information was supplied on behalf of the Wood Pole Committee as “subject to
confidentiality”. By an agreement with the Pole Committee, the writer had advised local
treatment firms of results on a “restricted confidential” basis and their co-operation was
sought.
Decisions made (Diagram 5, Cokley, 1975) included;
i. Dependent on results of field surveys and associated laboratory tests, which included
appropriate chemical and pathological studies, there would be a “Pole Inspector Training
School” (SEAQ, 1973) carried out for all Boards at the SEQEB Line Training school (refer
“Work Procedure and Safety Committee”, Appendix 51) at Rocklea, Brisbane. A working
group (Garland, 1973) was convened under the chairmanship of a senior SEQEB engineer
to coordinate the school.
ii. the writer was requested to make urgent inspections, extended to most Board areas
and, initially, up to 800 km inland. For this preliminary survey, during which appropriate
specimens were returned for both laboratory chemical analyses and pathological studies
(carried out by Dr. L. Bolland), the writer visited most Board areas in Queensland to;
a. assess the occurrence of soft rot and to quantify the degree of its attack in treated
poles (CCA and creosote). This also involved seeking, and obtaining, co-operation of line
(pole) inspection staff as well as line crews.
b. in co-operation with local personnel, to determine if possible factors such as soil,
ground cover, drainage, were (Chapter 3) significant. These were confirmed.
c. to ascertain differences in inspection procedures and their result on inspections and
concurrently, based on cumulative data, to devise a uniform inspection method and
reporting system.
d. to develop (with the above working group) adequate training regimens for a pole
inspector training school.
iii. A series of confidential (refer later discussions) progress reports and recommen-
dations were made over the subsequent years to the Wood Pole Committee (Cokley, 1971,
1971, 1972, 1972, 1974,) which were consolidated in a summarised report (Cokley, 1975).
These led, inter alia, to an approval of controlled studies in the Mackay region (Section
15.5.iii.xi). Smaller similar controlled studies were initiated by other Boards in their areas.
359
In addition (State Electricity Commission, 1973, 1973, 1974), the pole authorities
introduced the requirement that any new proposed preservative should undergo service
trials before acceptance under their specifications. Trials for these were subsequently set
up at Condamine (Dalby, “unstable black soil”), and Flying Fish Point (Innisfail, wet clay
soil, with lawn coverage). They confirmed the inability of CCA and creosote to inhibit or
prevent soft rot attack in treated hardwood sapwood.
15.5.iii.vi.i. Surveys by P.M.G. (later Telecom) staff.
Gilfedder (1972) examined about 100 P.M.G. (now Telecom) poles in the Brisbane
area, inclusive of 25 creosoted hardwoods. 0f these, 55% of poles treated by  CCA salts and
100% of poles treated with creosote were affected. Preservative “leakage or drainage” loss
was noted in the creosoted poles. His data confirmed the writer’s survey observations on
creosoted material.
However, as telecommunication poles were for a less critical use, Telecom did not
follow the same inspection regimens as for power transmission poles. Practices used by
Telecom  were evaluated by the writer and utilised by him in forming certain recommen-
dations in 1979. These may be summarised as limitations in approved species (Section
15.5.iii.xvi) and in sapwood thickness of treated poles.
15.5.iii.vii.  Characteristics of soft rot attack in the treated sapwood of hardwood poles
- the “Victa disease”.
The most significant characteristics of soft rot attack, namely preferential sites of entry
and tolerance to high levels of particularly CCA salts and creosote, have been examined
(Section 15.5.iii.ii). Thus, the characteristics now described are based principally on the
techniques available in a field situation.
Prior to effectively carrying out meaningful surveys, a prime requirement was for the
writer to develop a close understanding of the characteristics of the attack on treated
sapwood by what was, originally in this context, by an “unidentified fungal organism(s)”.
Based on his initial (and continued) field studies, the writer had found striking
influences of soil type and of, especially, the surface cover, with most effect in urban lawn
cover (Section 15.5.iii.i.e), Later discussion  led to establishment of field trials in the
Mackay District, (Section 15.5.iii.xi) on incidence of soft rot relative to these factors. In
consequence, for emphasis to field inspectors, he colloqually described the phenomenon as
“The Victa Disease”, which was the brand name of a power mower, and hence focussed the
attention of staff involved in inspections on the high incidence of attack relative to lawns
and gardens, especially in urban sites.
Very little information  has been found in literature on field identification of and range
of characteristics of “soft rot” organisms in treated hardwood pole timbers. In many
instances, line inspectors had initially classified attack as “brown rots”. This illustrated the
writer’s role (Chapter 1) in translation of a laboratory research into a form suitable for field
staff use. Described below are  characteristics of soft rot attack found important by the writer
for field assessments by inspectors.As such, they are based on macro to semi-micro (10x
to 100x) aspects or factors suitable in field identification techniques. Typical soft rot attack
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characteristics, as described below, are shown in Plates 12-15 (note; several Plates were
copied by other writers).
Author’s notes; The writer confirmed the  characteristics described were similar in all
hardwood pole species and interstate personnel visited Queensland for further data.
Inspections (Melbourne areas) with scientific staff from S.E.C. Victoria, confirmed (cf.
Section 15.5.iii.ix) the distribution, characteristics and severity of soft rot.
(i) Colour.
With incipient attack, termed “Surface Softening”, wood  surface changes (from a
“CCA green”) in colour to usually a “charcoal-grey” on the soil contact surface to about 15-
30cm above the ground line (agl). This developed internally (below-ground [bgl]) into a
“russet brown” and, at an advanced stage whilst wet, became a “chocolate brown” (Plate
12). This colour change was confirmed as being associated with progressive decrease in
wood structural carbohydrates, especially cellulose (Graph 81), and increase in lignin ratio.
These colour changes explained original staff identification as “brown rots”. The external
surface frequently remained “charcoal grey” in colour, but the external effect was related
to soil type. As the specimen dried below fibre saturation point, colour (especially above-
ground zones) generally faded to a “driftwood” appearance. Discolouration was found to
be an important criterion in a preliminary identification of soft rot incidence.
(ii) Especially when wet, and viewed (10x) from the transverse radial section, the
visual intensification of vessel walls and lumina was a  distinctive feature.
(iii) Hardness.
a. When saturated with water, or in wet poles, such as when inspected in (or after) rain,
or during the “wet season”, as the depth and severity of soft rot attack increased, there was
a corresponding decrease in the wood hardness. Resistance to penetration by a probe
became negligible in the decayed zones.
b. When dried to below fibre saturation point, hardness increased and appeared
equivalent to sound wood. This was a problem for field inspections and is one reason why
there was an apparent correlation of increase in numbers reported with “Wet Season”
inspections. In fact, this was due to relative hardness and colouration effects related to the
pole moisture content (discussed above). A rise in assessments, after a major (and state-
wide) flood (1974)  during which 17m poles were fully submerged in some districts in
Brisbane, is  shown in Line 3, Graph 84a.
c. Care was required in  comparative assessment relative to “sound wood” at, or above,
the “ground line” level. For the latter, eg. 0.5m above, sapwood was generally at lower
moisture contents and was exposed to the ambient temperatures (up to 60o), with the result
that the timber was under compression and was frequently very hard. Below ground,
moisture and proximity of soil meant a change in these conditions. There were differences
for poles with “concrete collars”. To compensate for this possibility, inspectors did,  as
required,  make additional hardness tests closer to ground-line (eg. 10cms) and around the
pole periphery. In addition, allowance was necessary for the reduced hardness for younger
(in terms of growth and source) poles compared to “mature, dressed” ones.
(iv) Brittleness, shear, and compressive strength.
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In early stages (Plates 13, 14a), fine transverse fracture is noted. This increased with
severity of attack to the degree where a total (360o) fracture may be found (see v. below).
When probed with a sharp tool, eg. a 10mm wood chisel, which was embedded perpendicu-
lar to the vessel longitudinal axis, soft rot affected timber broke with a very characteristic
transverse brittle fracture.
Decayed sections (a function of degree of attack) had low shear strength, a negligible
compressive strength and a low  abrasion resistance. These effects were also inverse
functions of moisture content.
The writer developed a simple field test which consists of rubbing of a small wetted
specimen between the palms of the hands. “Soft Rot” material readily disintegrated into a
loose powder.  In contrast,  material attacked by normal “White Rots” or by “Brown Rots”
generally disintegrated into fibrous material. Sound wood will not disintegrate but it does
frequently “splinter”.
(v) Occurrence of tangential and circumferential checks and cracking.
A large percentage of soft rot attacked poles was  noted to have fine irregular tangential
checks, not dissimilar to the general appearance of “brown cubical rot”. In addition there
were frequent occurrences, to about ground line, of definite circumferential checks which
developed into major circumferential cracking (Plate 14) limited to sapwood depth only.
These may extend for the full 360o circumference of the pole.
Plate 15 shows a pole from which visual soft rot has been removed (plus 1.5mm) and
a prophylactic treatment applied using creosote oil.
(vi) Density.
a. There was a non-linear relationship (Graph 81, earlier discussion on properties and
analytical results) between increased severity of soft rot attack and decrease in density
compared to that of sound wood of the same pole. This data was determined in conjunction
with analytical tests. A 12mm (diameter) plug was taken and the density measured (with
representative standard cellulose analyses). Thus, the loss of density was a quantitative
measurement of the soft rot progression in the pole section. The wide spread of data at each
density level appeared associated with site conditions. Based on this and similar evidence
the author tentatively suggested;
b. the trend of decrease in density with depth of penetration indicated the invasion is
not only continuous but also that further attack continued in the outer zones until all of the
cellulose was utilised by the fungi.
(c) the large variations in decrease in density suggested this could be related to
different soft rot organisms. Field evidence strongly indicated that change in density was
also associated with speed of penetration.
(vii) Rate of soft rot penetration and detection levels by field staff.
Based on field (Sections 15.5.iii.ii - v, viii) results, supported by laboratory evaluations
over about 12+ years and inclusive of all sites  with the order of 6000 poles personally
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evaluated, the writer concluded:
(a) Whilst overall there is a mean penetration rate of about 2-3mm/year radially, this
is non-linear due to the decrease in CCA salt concentration associated with the preservative
gradients and with any leaching present. The penetration was a function of site indices. The
presence of “outer heartwood” (Chapter 8, Rudman, 1959) led to the indication that the
“inner sapwood” (Chapter 8) zone was less susceptible to soft rot, but the survey data did
not enable any specific conclusions to be drawn.
(b) there is a very significant effect of site.
(c) Incipient attack is reliably detectable at about 0.5mm (Graph 84b) penetration.
With a competent inspector who has been trained  and is experienced in detection of “slime
fungi” (which is found in hardwood timbers in cooling towers)  comparison to sound wood
showed soft rot detection (in the form of a “liquid surface sheen” noted on some poles) is
possible below that figure (confirmed by departmental pathologist). Sensitivity and
reliability of detection (0.5mm) level by  inspectors was an integral part of the proposed
“Training School”.
15.5.iii.viii. Survey Results.
Though surveys were conducted over a number of years, the data is described as a
summary of all evidence. However, subsequent to 1973, more emphasis was placed on
Boards. This change, for other than special purposes, eg. pole research in Mackay, was
based on the Training school held in 1973. During that school, senior Board inspectorial
staff were trained (and separately “calibrated”) in pole  assessment. After completion of the
school, participants  were required to train personnel in their particular Board area. The
writer continued to liaise with local distribution staff to ensure standards were consistent.
Survey results were;
The initial survey (Cokley, 1972) covered a total of 4496 poles of which 386 were
severely affected. Creosote treated poles were also comparably affected, with later
evidence indicating more serious attack in poles treated with that preservative. That survey
(Cokley, 1972, 1972) showed soft rot attack was then significant in all areas except Balonne
and St. George  (S. Queensland, near the N.S.W. border) to Mitchell areas and where sandy
soils predominated. It ranged from 5.3% (subsequently 12%) in the Brisbane City Council
regions, to 87.5% of the sample in a Central Queensland Authority area. The  poles affected
had a mean service life of 6 years and the incidence of soft rot was endemic in all regions
(Map 5). Surveys continued and, although confirmed as “Soft Rot”, no specific organisms
were then isolated as the prime causative fungi. Leightley is quoted (S.E.C., 1982) as citing
the frequent presence of Phialophora. The position in 1975,  based on Forestry and
Authority inspections, is cited in Table 95. For later correlations, the electrical authorities
were made  responsibile.
5.iii.viii.i. As the moisture content of poles, wetness of site and soil, especially clays,
or inspection in the “wet season” influenced pole assessment (Graph 84a), the writer
examined relationships between severity of soft rot attack  and rainfall (Graphs 82b, 82c),
or number of wet days/month. Analysis of data against the “Antecedant Precipitation
Index” (used as a measure of the soil saturation by moisture), demonstrated a trend
correlation only, not statistically significant. The field data did suggest a relation to floods
and, as exact statistics on flood distribution were unavailable, a similar study using stream
heights as an indicator of local flooding, also gave only a general correlation.
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5.iii.viii.ii. Co-ordination of Data.
By request from and in co-operation with, the Wood Pole Committee and Boards, the
author developed a standard survey format (Diagram 6). All survey data,  inclusive of the
soil type, ground cover, drainage, age (installation date), species, the plant data and
preservative type were supplied to the author. These were correlated with detailed chemical
and pathological data. For subsequent surveys, a simplified computer format was designed.
TABLE 95
Status of soft rot attack in service hardwood poles (1)
in Queensland (May, 1975)
Board/     % affected          Board/       % affected
Council Council
Brisbane(m) 11.97 Dalby (4) 37.4
Roma (5) 52.17 Cairns 8.8
Townsville 8.75 Thallon 11.8
Mackay 12.34 Dirranbandi(5) 74.0
Capricornia.(2) 1.82 Balonne (5)(x) 2.8
Wide Bay.(3) (*) St. George (5) 9.2
overall mean 14.86
notes;
(1) Based on total of 27,286 poles. Figures include all soil types and ground covers in areas. Means for
total areas are cited, but in local districts, data showed variations in percentages affected. Abbreviations
are cited for each Board (refer text) which were used as a data (and geographical) classification basis;
eg. BCC. was Brisbane City Council, CREB. was Cairns Regional Electricity Board.(2) Based on approx.
13,000 poles - variable in Board districts. Rockhampton city data was much higher. (3) (*) only
deteriorated poles reported. Advice and on-site inspections indicate a low total percentage - variable
with authority sub-district. (4) Black Soil - flood plain in large part of area.
(5) small sample.(x) very sandy soil.(m) S. E. Queensland separately recorded. Percentage
varied with district, eg. Ipswich was > 30 %.
A number of the individual Electrical Boards (eg. Capricornia REB, SEQEB) did
assist by computerising data.
15.5.iii.viii.iii. Quantitative data on penetration of soft rot into treated sapwood (based
on field surveys).
Results are shown in Graphs 82, 83, 84 and sub-graphs.
It was originally implied that the problem was unique to, especially, tropical areas.
Graph 82a shows results tested against South Latitude and confirms there is no significant
relationship. Similarly Graphs 82b, 82c, show relationships of soft rot attack as a function
of annual rainfall for the same areas. Graph 83 shows a similarity between percentage of soft
rot attack as a function of treatment source. Of these, one source operated in N. Queensland
(local species) and the other was located in Brisbane. These  results are over the general time
range from 1962/3 to 1973/75.
 It will be noted that;
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a. percentages of poles attacked increases significantly after about 3-5 years. For the
early years (to about 1964/65) poles were often supplied soon after treatment (cf. Section
15.5.ii). The effect continued subsequent to those years, showing that early use was not a
substantive cause. Though not able to prove his theory, the writer felt this time delay was
not associated with surface salt (Chapter 12) which was abraded during handling and pole
erection, but may be associated with soil disturbance in erection of poles. Poles, dependent
on size, may require hole depths of up to 1m, by which the natural top and lower  soil
horizons were removed and with a random soil replacement after the pole was erected.
Frequently, use of “concrete collar” stabilisation was necessary. The author suggested this
procedure disturbed the normal soil microflora population by changing the possible
aeration and soil moisture content conditions. If the hole was not as deep, or a soil depth (and
type) was constant (eg. “ex farm” sandy loams, or clays) this time was reduced to the lower
b. Graphs 84a, b, c, demonstrate the heterogenity of soft rot data when assessment of
frequency of soft rot attack and the depths (or rates) of penetration do not take account of
important effects (Section 15.5.iii.i.e.i-vi) of “site indices”. They demonstrate the high
importance   (Section 15.5.iii.ii.ii) of the outer 1.5mm of treated sapwood. They emphasised
reasons (Chapter 3) for concern on heartwood durability.
Author’s note; over the full spectrum of sites, the writer found only minimal evidence
of heartwood attack by these organisms. He concluded the risk factor (soft rot attack) for
this zone to be very low. However heart rots (Section 15.5.i) were noted in some poles.
15.5.iii.ix. Occurrence of soft rot in southern States.
The author found (1972/74) occurrence of soft rot attack in all eastern mainland States.
In New South Wales, sites were detected 400 km west of Sydney and in metropolitan areas.
For Northern Rivers (eg. Grafton and Tweed Valley) districts, severe attack was noted.
These were confirmed by separate studies. Dale (1963) reported “soft rot” in a creosoted
pole in Victoria, with others showing “surface softening” and which he attributed to  soil
alkalinity. Greaves (CSIRO, u.d.) had reported invasion by multiple organisms in test stakes
at Innisfail.
B. Murray (Scientific Officer, S.E.C. Victoria) carried out a comprehensive survey
(not referenced) of soft rot in that State which was made available on a confidential basis
to both the writer and the Preservation Committee. D. Shaw (Tasmanian  Electricity
Authority) conducted a similar study in that State and developed a suitable and effective
sonic test unit for field assessment of poles. The Wood Technology Division, N.S.W.
Forestry Commission, initiated (1975) a joint soft rot study and survey with the Electrical
authorities in that State.
All results confirmed the widespread distribution and the severity of soft rot attack in
treated hardwood timbers in all States and this was independent of geographical location.
15.5.iii.x. Overseas Experience.
Levy (personal communication, 1973) confirmed occurrence in Papua New Guinea
and pointed out the problems with concrete collars used for site stability. McQuire (s.n.a)
reported soft rot attack in certain indigenous New Zealand hardwoods.
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Evidence, including a survey (1974) by the scientific officer attached to the Queens-
land Agent General office in London, confirmed that soft rot problems (Levy, 1965, Oliver,
1959, Unligil and Chafe, 1974) were existent in European countries. Duncan (1960)
discusses a wide range of soft rot fungi recorded as attacking timber.
15.5.iii.x.i The significance and importance of access to specialist library facilities and
publications is shown by the soft rot experience. This applied particularly for a small
research group. Until the specific identification as “soft rot”, literature searches made by
the author and which were based on the characteristics of the decay found generally resulted
in references to such as “brown rot” organisms. Thus papers, such as that by Da  Costa
(1963) or overseas authors cited, were not available until the above specific identification
of “soft rot” was made. Once the “key word” association  of “soft rot” to “poles” or “in-
ground uses” and including rail sleepers, rather than to (softwood) “cooling towers” was
made,  reference sources, such as “Forestry Abstracts”, were invaluable.
15.5.iii.xi. The development and initiation of service trials on the effectiveness of a
range of supplementary “in-situ” pole treatments. The inclusion of controlled studies on site
factors of soil, of ground cover and soil moisture content.
As creosote, which had previously been used as an in-situ treatment in pole mainte-
nance, was found  ineffective, studies were approved by the pole committee to test
effectiveness of alternative prophylactic treatments. It was proposed to commence the trials
subsequent to the “Pole Inspectors School”, using Mackay Board regions. As a conse-
quence of initial surveys, authorities accepted the writer’s recommendations to include a
study covering a range of soil types and ground covers with the tests proposed on
prophylactic preservatives. A supplementary study, as in other Boards (BCC, Cairns), was
made of then commercially available bandages. Results  of the bandages in those trials were
not promising.
These studies included;
a. A range of 6 prophylactic treatments. They included a number of oil formulations
based around pentachlorophenol (P.C.P.). Field evidence had shown creosote was not
effective, but a P.C.P. fortified creosote oil mixture was included.
Two proprietary products were included, viz. a viscous cream incorporating P.C.P.,
and a proprietary general purpose carbamate fungicide emulsion, applied at a 0.5% m/v
concentration. All the P.C.P. formulations, including a bitumen emulsion were applied at
5% m/v, and with the incorporation of a chlorinated hydrocarbon (heptachlor) as a
termiticide. The selection of P.C.P. was based on Committee discussion and was inclusive
of the aim that, as it was an effective fungicide which had a measurable vapour pressure,
some penetration and protection of the fibres could occur. Representative untreated control
(relative to prophylactic chemicals) CCA service poles were included.
b. the soil types, surface covers  and sites are shown in Table 96 (Appendix 48).
Variables included soil moisture content, “stable black soil”, clay and sandy soils, with the
ground covers ranging from lawn to natural vegetation cover. Three sites are shown in Plate
16, representing;
i. sandy “new development” areas, with minimal ground, or fertilised, cover.
ii. an established “urban lawn” site.
iii. A “stable black soil” site with natural vegetation.
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In conducting the study, the writer, assisting Board staff, carried out a preliminary
statistical calibration  of inspectorial staff. In that calibration, poles were separately and
individually assessed by the inspectors, including degrees of soft rot attack. He found there
was agreement between inspectors at a 95% level and this was attributed to the “Training
school”, held prior to this program. For the study (commenced 1973/74, the time span
related to a “wet season”), all poles were assessed, soft rot depth and  the circumferential
fraction determined. Subsequently, for each pole, two 12mm diameter plugs  had been
sampled for both the above-ground and below-ground conditions. All poles were “dressed”
to remove soft rot, treatments applied and the soil was then “back-filled”.
Successive inspection practices, including plug samples, continued until 1978/79. At
that date, an industrial court decision (due to a dispute in the Capricornia REB Authority)
was made to cease use of P.C.P. throughout the entire industry. However the trial results to
that date showed that;
i. all of the P.C.P. prophylactic treatments performed adequately, but did not com-
pletely prevent attack.
ii. the proprietary P.C.P. cream gave reasonable control. For this, as poles were (safety
reasons) “back-filled” before the cream developed surface hardening, some “creep” (or
upward migration) occurred to above-ground zones and, for the same reason, some
“puddling” of the soil (ie. preservative admixed with the soil) occurred.
iii. The carbamate emulsion was not satisfactory.
iv. importantly, the study confirmed the significance of soil type and surface cover.
Tables 96 - 99 (Appendix 48) show the early results. They were analysed (five year period)
by the departmental statistician (ANOVA) showing soil type and site (including the ground
15.5.iii.xii. Establishments of a research fellowship and joint Soft Rot Research
Committee.
a. Diagram 5 shows the long range research and the industry applications proposed by
the author. This included the establishment and the funding of a research fellowship
(Cokley, 1975),  by means of which an appointee could be  engaged in fundamental research
on the soft rot problem. The writer considered that the research required a specialist
microbiologist, or mycologist. This fellowship at a post-doctoral level was formally
established at the University of Queensland, with occupancy from 1977.
b. a joint research group (CSIRO, Forestry Department,  Division of Wood Technol-
ogy and, later, the appointed research fellow, as principal members) was established (over
1975-1977) as the “Soft Rot Research Committee” and (nominally) direct emphasis on
research in this topic had moved from the Preservation Committee.
15.5.iii.xiii. Other studies by the Wood Pole Committee on prophylactic treaments
based on alternative materials, but including research on possible use of pine poles.
i. A series of XLPE “heatshrink” sleeves were applied to a small number (S.E.C, 1978,
1982) of poles in Brisbane.
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ii. A large study on poles was established at a site near Gatton, using CSIRO developed
bandages (S.E.C., 1978).
iii. Following on physical tests by Forestry Department, design data were established
and some treated plantation pine stubs and poles installed (S.E.C., 1978, 1982).
15.5.iii.xiv. Recommendations on restriction of sapwood and of species.
Based on unsuccessful performances of the then available  preservative treatments
(refer Tamblyn, 1972) against attack by soft rot organisms, the on-going high costs of pole
maintenance procedures and on long term comparison of Telecom pole practices, the writer
had concluded;
i.  Though impregnated by an “approved preservative”, the treated hardwood sapwood,
irrespective of then available preservatives and processes, was effectively susceptible to
attack by soft rot organisms (Section 15.5.iii.ii). To ensure adequate pole service, limiting
point for the pole   residual “load-bearing cross-section”  was the heartwood zone and, of
which, the service life was dependent on its (Chapter 3) “in-ground” durability. The CCA
preservatives generally gave protection  against termite (refer later note) attack in treated
sapwood.
ii. Though alternative materials, such as concrete stubs, or poles in metal, or concrete,
appeared to be the long  term solution, economics and other factors suggested a wooden pole
was the preferred option by electrical users.
iii.  Evidence indicated that the demand for wooden poles was decreasing. For urban
expansion, use of “underground” services increased. These were both environtmentally and
aesthetically more acceptable, though it was argued cost of installation was increased.
That trend included use of light metal poles, which the writer describes as being more
“user friendly”, eg. by lower accident  hazards, as vehicle collisions with poles form high
accident risks (particularly when decayed poles are involved) and a big economic cost
factor. A local publication, “The Road Ahead” [R.A.C.Q, June (1994) not referenced],
quotes “impact with power poles” as a total of 1641 claims and also lists this as No. 7 (of
the 10 highest) cause for automobile insurance claims.
Based on these conclusions, he formally recommended to the Department, which
approved the submission, that the Pole committee (S.E.C., 1982) be advised to;
a. consider use of alternative materials such as concrete poles or stubs. The “Stobie”
poles (South Australia), or designed “spun concrete” poles are examples.
b. restrict species to durability 1, such that, for below ground application, sapwood be
removed, for other than termite hazards, where a maximum sapwood limit should be set.
With mechanical digging equipment (of fixed diameter drill sizes), variable pole “ butt”
diameters presented some problems. When the decayed below-ground sections had
justified replacement, trials were made of removal of the “butt” for attachment (above-
ground line) to “in-ground” concrete stubs. The poles were “dressed to a diameter”
(sapwood is removed) for attachment by a metal sleeve.
Author’s note; it was, and is, the writer’s view that the problem of Mastotermes attack
had not been effectively solved and hence the use of wooden poles in such areas should be
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discouraged. For these termite risk areas, when climatic hazards (Chapter 3) are added,
policies followed by Queensland Rail of railway line conversion to metal and concrete
sleepers is realistic.
c. sapwood treatment to continue for above-ground sapwood situations to ensure
adequate diameter for fittings etc.
These practices would also conserve timber resources and were formally advised to
the Pole committee in February, 1979. As many pole supplies came from private property
sources, Forestry had only a limited control on these materials.
The writer’s active involvement with the Pole committee ceased with his hospitalisa-
tion several weeks later and absence from official duties for 6 months. However (circa 1980)
the electrical authorities made a request for his personal involvement and his arbitration in
an industrial safety dispute involving  treated poles. In retrospect, the author considered his
direct and Forestry involvement with the Pole Committee and soft rot remedial research,
should have ceased subsequent to his position paper (Cokley, 1975) and, at the latest, in
1977. Over that period, the electrical industry was being reorganised.
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CHAPTER 16
SUMMARY OF AND CONCLUSIONS IN  MAJOR THESIS TOPICS.
PROBLEMS ENCOUNTERED AND SOLUTIONS DEVELOPED.
This thesis describes extensive data on multifaceted research and industry technology
which were necessary for timber preservation to be effectively established as a scientifically
based industry. To clarify their relevance and interrelationships (including historical) in the
thesis it is desirable that, additional to the normal Abstract, important salient topics,
associated problems which emerged and for which solutions were developed by the author
should be summarised. As topics are expanded in the thesis, discussion in this summary is
restricted only to significant problems and to the solutions which emerged. Some topics (eg.
[7-15], [5,16]) are jointly examined. The summary includes;
1. Sociopolitical influences and legislation.
2. Nomenclature and classes of timber species.
3. Wood Starch.
4. Sapwood.
5. Susceptibility to Lyctus spp.
6. Geoclimatic (and source) effects.
7. Physicochemical properties of timber.
8. Development of  in-situ spot tests on both macro and micro scales of assessment,
study of deposition sites.
9. Distribution of preservatives in hardwood tissues: difference to distribution in
softwoods.
10. Classification of species for treatment by open tank processes (also full cell
vacuum pressure processes) and relationship to moisture content in hardwoods.
11. Chemical Control for laboratory and field status.
12. Development of plant control systems and operator training.
13. Need for alternative preservatives to boric acid and sodium fluoride: borax and its
homologues, CCA.
14. Applications of full cell vacuum pressure systems to local climatic conditions and
species.
15. Development, with enphasis on preservation, of valid theoretical principles
affecting air/water movements, differences for movement of preservative solutions as well
as sites of preservative salts in wood tissues. The principles should explain accrued research
data from pilot plant and industry and, by prediction for later applications, enable
verification.    Studies involved thermodynamics, aerodynamics and fluid flow. They led
to establishment of occurrences of critical levels of temperatures, times and vacuums
(functions of the process, plant design and species respectively).
16. Service problems.
1. Sociopolitical aspects.
Establishment of this industry should be viewed against the background of social and
political conditions which were present. They may be summarised as, due to a 10 year
depression followed by a major war, availability of many facilities or materials was low and
educational standards were variable. They ranged from professional scientists in large
research groups supported by technical staff to plant managements and operators in
industry. The  Queensland Branch was small in numbers and multiple roles were performed.
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Legislation was introduced in two States. The  translation of technical information was
necessary for operators and conversely a need arose for two levels of communication.
Preservative imports were regulated; timber (and other) prices were controlled.
2.  Nomenclature and classes of timber species.
This was a continuing problem in that industry did not use either formal species
nomenclature or classifications eg. rainforest or wet sclerophyll or the sub-phyla. They
operated on properties, generally density and handling as well as local common names for
a species identification, but this was not in a formal taxonomic sense. To  resolve confusion
the author nominated three classes as principal divisions and industry adopted their use  in
preservation.
To ensure consistency in research, Forest Products groups and (nominally) industry,
adopted Standard Trade Names which were botanically identified (including author)  and
which were tabulated in Australian Standards. They were  used in official publications
(botanical nomenclature was included), legislation or  Standards (SAA)  publications which
used principally Standard Trade Names only.
In conformity with that, all nomenclature in this thesis are in conformity with AS 2543
- 1983, and authors are implied in conformity with that publication.
3. Wood Starch;
Concurrent with development of the industry, there arose needs to examine conven-
tional tests for starch or factors which had influences on visual estimations and analytical
determinations, including the  effects of processing and of treatment. Legislation acceler-
ated those needs. Work on this topic was continuous, but clarification of many of the
unanswered questions may  be stated as commencing  over the period 1947 to 1952. That
was continuous for  three decades but substantial evidence was accumulated in the same
eras  as extended research on and development of preservation. With starch was the
associated long term clarification of sapwood, its definition and detection, its properties in
terms of particularly preservation. It became apparent, other than open forest timbers
(visual separation often used for sapwood relative to heartwood),  only minimal research,
eg. on limited rainforest timbers, had been carried out in both fields.
This topic had wide ranging applications beyond aspects of its relation to attack of
angiosperms by the Powder Post Borer, was inter-related to sapwood, identification of
treatable or (legally) zones which required to be treated by a lyctuscide. Starch was an
indicator of those [based on a “blue reaction” with iodine/potassium iodide (I/KI) reagent]
by a visual semi-quantitative in-situ test or by analysis on a quantitative basis of extracted
starch. For both, there were anomalies present which had not been addressed before
widespread adoption in research studies, legal or industry applications. Anomalies or
untested assumptions are described. For example;
a. Verified examples occurred where wood samples, though  tested as negative to
starch, were attacked by Lyctus
in log or sawn form and required for use in preservation studies gave positive starch tests
soon after felling and/or sawing, were stored under high humidity conditions to maintain
a “green” state, but later showed negative starch (“starch resorption”) and were not used in
tests.
b. The most significant anomaly was in non-recognition of starch being composed of
two fractions namely amylose and amylopectin which may vary in their relative proportions
in starch.
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Importantly, only one fraction - amylose - reacted with (I/KI) reagent to give the
typical blue colour. No research had been conducted on the distribution of these fractions
in wood, or in extracts for analysis. Policy decisions precluded further research by the writer
on the variations between fractions in species. No correlations had been made with
extensive literature for agricultural starches which showed starch and its fractions (in this
context, particularly amylose) could be degraded by either hydrolysis or dehydration to
lower compounds which may not give the (I/KI) reaction.
a. visual assessment.
a.i. unverified assumptions were that the starch test was independent of the wood
species,  procedure, operator, of preservative or starch concentrations in radial tissues. It
was also assumed that any log or timber pre-storage, manufacturing or treatment processes,
did not affect the applicability of the test.
a.i.i. no correlations had been made of accepted visual assessments against a reference
quantitative analytical procedure for starch, particularly in terms of the assumptions stated
in a.i.
b. in conventional analytical procedures, unexplained anomalies were present such
that repeatability of results was variable. Unless the causes of this variability were
determined and rectified, analytical data could not be used as a reference or a statistical
comparison.
Research into rectification of problems included;
a. Over a series of studies,  the in-situ test was shown to be dependent on species,
procedure and operator. It was dependent on starch concentration in a sample and that
concentration was variable at different points along a length or for different depths in a
section.
Studies led to development of a standardised procedure and the use of a photographic
“starch rating” reference index. This had reduced operator variability but did not exclude
species or concentration effects.
That led to a simple extraction procedure based on 5% m/v calcium chloride solution
which elimated all of these variables.
The variation between visual results caused by factors of species, starch concentration
or operators was confirmed by a reference analytical procedure which had been tested and
found reproducible. That was subsequently modified to enable its use as a routine method.
From this work (including analytical data), quantitative concentrations of starch in
terms of susceptibility were determined as well as ranges present in local timbers. A
significant result was acceptance of the authors data by administrators in relation to the
“zero level of starch” required under the Queensland legislation by use of a tolerance level
b. Agricultural starch models were extensively used in the research and applied phases
of these investigations to assess chemical and physical properties of starches and applica-
bility to wood starches, including effects of pre-treatment, preservative treatment or
manufacturing processes. Agricultural starches, eg. potato starch (or amylose), were used
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as controls for studies on wood starches from a range of species with emphasis on factors
influencing analysis or detection by visual tests. Their use confirmed the significance of the
starch fractions or their degradation products on its estimation by analysis or by visual
assessment.
c. The analytical methods were shown to be dependent on extraction times, tempera-
tures and extractant. Hydrolysis of starch (or its fractions) could occur. This aspect was
standardised using 5% m/v. calcium chloride solution with 40-60 mesh size reduced sample
and extraction at boiling point for 1 hour, at which starch removal was optimum. That was
confirmed  by (I/KI) reagent on residual extracted wood meal and supported by tests for
sugars.
A method was developed to measure possible starch degradation to reactive dextrins
by extraction and their effects on the reaction.
The major difficulty resided in that starch was not a solution but was present as a “sol”
and aggregation could occur on standing.
Spectrophotometric measurement after addition of (I/KI) was nominated as “immedi-
ate” but had not been clarified. Studies showed that a maximum reaction time of 1 minute
was required for reproducibility. In excess of that time, a precipitate was formed.
An alternative extractant, formamide,  was found suitable for studies on starch in wood
samples.
d. Research was conducted at laboratory and at industry levels to test possible effects
of storage, processing or treatment on starch contents of timber, including logs.  The studies
did confirm effects were significant on  both visual detection and analytical estimation. The
effects may be summarised as being due to temperature, humidity or solution causes which
resulted in either hydrolysis or dehydration of starch fractions below the levels of
“solubility” or reaction with (I/KI).
e.  the relation of timber to possible susceptibility to attack by Lyctus as a function of
each fraction of starch was examined by  their separation and followed by studies by a
CSIRO worker who showed each fraction could support larval development and led to that
worker demonstrating similar effective larval development using simple sugars or polyhydric
alcohols. This could explain the anomalous in-situ tests as previously reported.
f. Accumulated results, including controlled tests, had confirmed that starch negative
material could be treated but, in all such cases, supplementary tests showed it was sapwood.
4. Sapwood Problems and Solutions studied.
Problems in this topic ranged  over many facets and were present for all the total
research and applied technology programs in many apparently diverse and  separate fields.
The inter-relationship of many facets to starch explains their joint importance and the on-
going nature of the investigations over about three decades. Sapwood problems occurred
in;
A. General properties.
B. Definition of sapwood and methods of identification.
C. Relation to processes used in preservation.
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D. Assumptions on physicochemical properties of sapwood.    Items C and D are also
discussed in other topics.
A. General properties.
i. “Sapwood” was formerly mainly studied in terms of tree growth, including as a site
of nutrients  such as starch or sugars. Its differences to heartwood were recognised; its
durability was lower, for hardwood it was susceptible to attack by insects such as Lyctus.
For most rainforest species and some exotic plantation softwoods, it was very susceptible
to decay and/or sapstain fungi.
General differences in physical properties such as lower stiffness and colour were
known. Minimal authenticated information was held  of variations due to geoclimatic
factors (separately discussed). For local species with an emphasis on open forest timbers,
in contrast to known “heartwood”, it could be impregnated with chemicals (emphasis in this
context on preservatives), though some workers considered heartwoods were treatable by
diffusion processes and, based on that assumption, Dip Diffusion was introduced into the
Papua New Guinea timber industry.
ii. In early laboratory, pilot plant or commercial test material for studies, all mixed
heartwood/sapwood profile sections were excluded. Hence no data were available on the
respective ratios of preservative solution or salt to water in each zone. That difference could
be tested on separate samples of each zone and was confirmed by the writer. This showed
that only water or air permeated the heartwood, with solutions or salts restricted to sapwood
other than for heartwood surfaces only.
Mixed profiles did apply to commercial studies and the differences on solution uptake,
separate salt and water  usage were major sources of control errors which required
rectification.
These effects were not appreciated until demonstrated by the author who developed
suitable plant control to remove them. They applied to all processes and salts.
iii. Its differences to the heartwood in structure eg. absence of tyloses, in absence of
extractives such as polyphenols, greater permeability to gas/water flow, faster rates in its
seasoning (including between species) were known.
However, the principle of correlation with differences in species as used in seasoning
(density, thermodynamic and permeability were the only properties applicable) was not
then extended to preservation practices. Characteristics between timber species were not
examined, especially in significant properties of “reactivity” or “permeability”. Though the
latter was a principal mechanism for air/water movement, it was not differentiated from
This lack of differentiation led to implied assumptions that all the sapwood tissues (viz.
vesels, rays, vertical parenchyma and fibres) could be fully penetrated (as were softwood
tracheids) by waterborne preservative solutions, eg. those of boric acid or sodium fluoride
(later CCAs).
iv. That assumption was associated with an apparent lack of appreciation that
(particularly) hardwood timbers were not inert matrices of what the author defines as  macro
and micro ducts and cell walls. Extended research by the author was undertaken to confirm
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wood was a “reactive” medium and matrix (see later Topics eg. 7, 15).
B. Sapwood definition and identification.
i. Difficulties (field and laboratory) were found with the formal standard definition
requiring “living outer layers” in the positive identification of sapwood and special
laboratory techniques were necessary. As these requirements of “living outer layers” in the
formal definitions could not be met, the criterion  of a reserve food material - starch - became
the “ex-officio” method for both detection and definition of sapwood which was extended
to an assumption that only starch positive material was “treatable sapwood”.
That view  was reinforced by the original priority of treatment of susceptible timber
against attack by Lyctus
treatable.
ii. Though commercial treatment of veneers began in 1939, there were a number of
deficiencies in data on sapwood. This was particularly so for rainforest timbers and for most
wet sclerophyll (included as open forest) species. Together, they formed over 60% of total
timber volumes, utilisation of which was essential for optimum resource conservation.
iii. Differences existed between the open forest timbers (including most wet sclerophylls)
which were later shown (1959) to have “Outer, Inner Sapwood and Outer Heartwood”  and
rainforest species in demonstrated occurrence of more than one zone in sapwood or other
non-heartwood zones and on which minimal research had been carried out. They were
termed “Transition or Intermediate Zones” (also “Inner Sapwood”) and the significance of
starch (or sugars, pH changes or physicochemical properties, when starch was absent) was
for effective identification of these latter zones in terms of possible penetration in a
preservative treatment by oils or waterborne salts. Included sapwood (and/or heartwood)
bands were found in some species.
4.i. Solutions developed included;
i.i. Quantitative measurement of starch positive volumes (and effects of processing on
detection) were made for a large number of logs and species in rainforest timbers by studies
at several veneer mills where accuracy (2mm) of depth of starch penetration in peeler blocks
showed that South Latitude was not a significant factor and enabled a classification of
species into “sapwood classes”. Studies were later extended to sawmills and included open
forest timbers, which emphasised geoclimatic effects on species, sapwood depth, its
properties and treatability. That data enabled accurate estimates of preservative capacity
(and preservative salt) required for plants.
i.i.i A large scale multi-objective study was approved to assess properties such as
relationships of starch to the apparent sapwood, physical properties such as density and
treatability by a range of preservatives.
A total of 10 logs for each of 13 species was studied and included a wide range of
species. Study involved use of  waterborne salts, light organic solvent preservatives
(LOSPs) and a CCA salt.
That comprehensive study enabled measurement (1949-52+), in this context, of  starch
grades and distributions in logs and sawn boards, related sapwood/heartwood density
differences and properties. After subsequent processing and open tank treatment (including
heartwoods), specimens and controls were tested for preservative retention and distribution
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as well as for starch, thus showing any changes for the latter to the original conditions.
i.ii. Though extensive research and industry (pilot plant and commercial scales)
studies were made using starch positive test material, subsequent accumulated data
confirmed starch negative products may be treatable.  That was additional to when storage
or pretreatment had caused “starch resorption or degradation”. To confirm  the treatable
material was not heartwood, research was conducted into use of sugars, absence of
polyphenolic type extractives, pH changes (and later by ultraviolet fluorescence) and
supported by differences in physical properties such as density. Studies on  permeability and
penetrability by air and liquids (which included solvents and solutions) confirmed they
were not heartwood and could be classified as “Transition Zones”. Their presence and
treatability were studied for CCA salts and oils.
i.iii. Extensive research by the author demonstrated that the assumptions of uniform
preservative penetration in all sapwood tissues of hardwoods were invalid and led to him
undertaking a wide range of studies to confirm his findings, which showed water and air
could permeate all tissues, but not preservative solutions or salts.
They included study of physicochemical properties, of the differences between
permeability and penetrability in wood, pH changes, reactivity and wettability properties.
Influence of the preservative on these characteristics and the difference between boron
compounds as a function of reactivity was  related to the pH of the compound and this
difference did become important to the industry.  These aspects are described in other
topics.
Topic 6. Geoclimatic factors.
Major species distributions, eg. rainforest timbers, were known to be related to
geoclimatic factors. Similarly the changes in Equilibrium Moisture Content (EMC) and in
fire hazards were  functions of reduced service humidities and  climatic distribution.
Entomologists did relate climatic conditions to insect populations and pathologists had
related decay hazards with temperatures/humidities but no research had been conducted to
quantitatively correlate changes in service performance of timbers due to either macro or
microclimates. Formal CSIRO “durability ratings” were based on a nominated and defined
“average of Australian capital cities”. No recognition was given to a  climatic effect on tree
growths causing changes in properties of wood such as its density, wettability and vessel
sizes/frequency and the relationships of these to preservation by chemical solutions.
The high significance of these factors became apparent when treatment plants and
treated products extended over wide areas of the State and the writer found unexplained
variations in treatment characteristics of timbers and in their service performance, includ-
ing untreated material of nominally low durabilities. These differences required extended
on-site research and quantitative evaluations of any treatment and hazard differences
compared to other regions. This is expanded in other topics. In explaining the effects of
source, the author suggests the taxonomic arrangement of structural elements may be
considered as being an “inherited characteristic”. For the changes in properties such as
density, they would be considered as due to “environmental factors”. Of interest was the
acceptance by plant operators and “bush workers” of the phenomenon based on their own
experiences.
Joint discussion of Problems on and of Research into;
Need for alternative preservatives to boric acid and sodium fluoride (13),
Physicochemical properties (7) and In-situ spot tests (8), Preservative distribution in
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hardwoods (9), Classification system of hardwood species for treatment and the relation to
moisture content (10), Chemical control (11), Plant control (12), Development of valid
fundamental principles (15).
Neither large scale research nor commercial treatment for the wide range of predomi-
nantly hardwood species had been carried out under Australian conditions. The industry
began (1939) with veneer treatment, using a hot immersion (diffusion) process with
standard schedules based on the veneer thickness. Thus preservation practices on overseas
species (mainly softwoods) and theoretical principles (including formulae) were assumed
applicable except for a very important local requirement (1946) that a nominated minimum
of preservative (boric acid or sodium fluoride) was to be impregnated into all starch positive
timber.
This adoption of overseas data led to implied untested assumptions that distribution
in hardwood tissues would be uniform (as for softwoods). They were supported by methods
used for measurement of preservative uptake and  perceptions by some workers that wood
in terms of fluid mechanics  may behave as an inert matrix of variable size ducts. Studies
on flow were simulated on inert bodies such as sintered glass or ceramic filters to give some
equivalent physical data on microduct dimensions in wood. This writer used similar
techniques to support his theoretical studies on hardwood species in the specific  context
of a comparison  for physicochemical properties affecting liquid flow, including preserva-
tive solutions (and resultant salt movement)  compared to distribution of water in tissues.
As was confirmed in the distribution studies some elements, eg. pit structures, behaved as
a semi-permeable membrane and timbers were reactive.
13. Alternatives to boric acid and sodium fluoride.
Commercial treatment of sawn timbers began in 1946 with a hot and cold plant
(Brisbane) and a steam/cold quench plant (El Arish, North Queensland) followed by a
second hot and cold plant at Ravenshoe, North Queensland. There were further plants
installed.
Boric acid was the preservative and treatment was based on a “standard schedule”,
experimentally derived by using a “representative species”. This required timber to be in
a “green” state, i.e. above Fibre Saturation Point (FSP). Problems arose in restrictions of
materials for plant construction and for which only non-ferrous materials were suitable.
Sodium fluoride was not commercially used (later adopted for veneers) but had similar
problems. In 1974 due to shortages of all boron salts sodium fluoride  was pre-dissolved by
an alkaline phosphate water softener and admixed into the borax solutions.
Neither boric acid nor sodium fluoride was compatible with fungicides which may be
effective and treatment in tropical/sub-tropical conditions was at risk. Other problems
which restricted the development of an industry based on these compounds were related to
their solubility which, for boric acid, was dependent on temperature and a limit on lower
ambient temperatures was prescribed for some plant operations. Both were highly sensitive
to water quality: water hardness caused solubility and precipitation problems.
Due to problems associated with infestation in  treated veneers sodium fluoride was
replaced by aldrin/dieldrin emulsions in that industry. In 1961 due to requirements for
general purpose treatments CCA salts became prominent for mainly the open forest timbers
and softwoods by use of a full cell vacuum pressure process but for most rainforest species
a borax homologue was ultimately used.
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Historically (1942-45), research on preservation in terms of an industry was by
extensions of existing principles and practices. They were based on hot immersion (boiling
point) in a solution of boric acid assuming diffusion in green timber but commercially it was
by a conventional hot and cold process.  Evidence accumulated in all areas that there were
a large number of problems and an insufficient flexibility under those practices which were
preventing a wide expansion of the industry. To achieve the aims of optimum utilisation it
appeared current principles may require some modifications for local conditions and
species and this included effects of their distribution. Formal Departmental approval was
given for initiation of research, including wide reviews of the existing practices, applicable
fundamental principles and assumptions as well as for starch and sapwood. That was
necessarily extended to applied research in industry. The reviews of existing practices led
to change in some very significant areas, which included;
a. Studies to resolve the limitations of boric acid began in 1947, when  treatments in
North Queensland districts were at risk due to development of severe sapstains in treated
charges.
Similarly problems arose for separate sapstain treatments, putting at risk the case
industry and which included plantation softwoods. Corrosion became a factor for “green-
ex-vat” kiln drying of treated timber in tropical wet seasons. The problems were shown due
to the acid pH of boric acid solutions and volatility of the preservative at the elevated
temperature used. Due to the  low solution pH, the sodium salt of the fungicides was
converted to a free acid form which was soluble only at ppm levels below pH 6.82 and
importantly it became very volatile at elevated temperatures of treatment and kilns.
b. Adoption of alkaline borax (1947-48) removed these pH  difficulties, ferrous metals
were suitable for plants and capital, treatment and chemical costs were reduced.  Wettability
problems found in some species under the low pH conditions of boric acid were reduced by
the alkaline solution.
c. To confirm this apparently simple change from the use of boric acid to borax and
its homologues led the author into a study of the chemistry of boron compounds, reasons
for greatly increased penetration (and rates) of borax in timbers (significantly above a
theoretical ratio of boric oxide in boric acid compared to the sodium salt) and why  borax
homologues performed similarly. They led to further investigations of mechanisms of
preservative penetration, effects of ionic dissociations and mobilities with wood reactivity
(also roles of inorganic elements in tissues).
Consequent upon the adoption of borax salts, numbers of plants under construction
rapidly increased, process flexibility was possible and volumes of treated product, espe-
cially in rainforest timbers, rose. Processes in open tank systems were quantified and were
modified. Early priorities were given to flexibility in suitable moisture contents as a
function of timber species and of process. Investigations were successful. For thermal
systems, a “thermal  vacuum” (initially hypothesised by several early workers) was shown
to be significant.
Research began into the significance of this vacuum and factors influencing its
effectiveness. Extended studies  showed it was related to species, to maintenance times at
and levels of temperature, as well as on range and rates of drop of temperature in cooling.
Equilibrium at each of the process cycle phases was important.  Capillary flow was a
factor in the solution  penetration.
d. In 1961, commercial use began in Queensland of the CCA multisalts  by full cell
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vacuum pressure systems. Research by the writer which had been initiated in the early 1950s
era, was expanded during his secondment to CSIRO in 1958. It became clear that local usage
of these multisalts by that process was at economic and operational risk unless the methods
of pre-solution and treatment practices could be modified for water qualities, local species
and  climatic range of temperature. Studies were made on the process, on the chemistry and
applications of the multisalts and required lengthy research to ensure their suitability.
They were sensitive to species properties (including chemical), extractives, to ambient
temperatures and water quality. As they were multi-component, studies were more
extensive and included mechanisms of penetration into the multiple species.
Particularly in conventional full cell vacuum pressure processes major modifications
were needed. For these, extended studies in the laboratory and industry showed low levels
of efficiency in then current practices were mainly due to poor evacuation of local species.
Principles and significant factors which emerged for the thermal vacuum applications
were shown to be applicable except that a mechanical vacuum pump replaced temperature
and cooling to attain vacuums (at higher levels) in wood.
This led to determination of occurrences of a critical level of vacuum applicable to
plant design with need for adequate vacuum pump capacity and also an inter-related critical
level for timber species. Moisture contents, initially required below FSP for this process,
were shown to be flexible, were dependent on species, preservative and retention. A
modified process was patented.
Changes made were adopted by industry and an effective, economic industry was the
result. Important increased utilisation of round timbers from regeneration sources led to
extensive markets in poles, in mining timbers and marine piling.
8. Development of in-situ  spot tests on both macro and micro scales of assessment and
study of deposition sites.
It was envisaged that a spot test for presence of boric acid in treated products could be
developed similar to a starch test and responsibility for it was given by the 1946 Forest
Products Conference to the Queensland group. The classical boric acid/turmeric reaction
was chosen. Thin sections, to exclude gradient concentrations present in thicker sections
such as boards, were used in research  programs examining procedures, solvents, acid/
reagent ratios, species, wood surface, angle of cut  and moisture contents affecting the test.
Correlation by a Tintometer at boric acid levels above normal ranges of application and
measurement resulted in an effective multi-range test enabling the laboratory/field semi-
quantitative (legally accepted) assessment of levels of treatment.
It was substantially completed in 1947 as a macro test, but extension to a micro test (for
distribution studies on preservative) was on-going (as were later applications of spot tests
for CCA salts), especially in the period from 1947 to 1960 (and later) during development
of theoretical and physicochemical principles on reactivity,  penetrability compared to
permeability and physics of flow, from which hardwood preservation was established as a
science. In that era, ultramicroscopic techniques were not available for this type of research.
No satisfactory simple spot test method was found for sodium fluoride. For CCA salts,
spot test techniques used overseas were adopted for local uses, but anomalies were found
in the tests for arsenic salts and the dichromate.
379
9. Distribution of preservatives in hardwood tissues; difference in distribution to that
in softwoods.
During research into treatment mechanisms, penetration in timbers, plant control and
the possible organisation of species into treatment groups, evidence was accumulated that
the assumption of uniform distribution of boric acid in hardwood tissues may be erroneous.
Proof of this could not be obtained by conventional analysis of wood sections as all tissues
were represented, nor could mass changes nor moisture content changes show possible
differences. These latter showed discrepancies to analytical results.
The author investigated use of the spot test on a micro scale to clarify if boric acid
distribution was limited to specific tissues. That micro procedure confirmed the preserva-
tive distribution and solution penetrability were restricted to vessels, rays and vertical
parenchyma only. Fibres were not penetrated but water and air permeated through all
tissues. This applied irrespective of boron compound used in treatment. Some wood
elements behaved as semi-permeable membranes. A gradient existed through a board
section thickness.  Void Volume formulae applied to air and water uptake for hardwoods
but not to uptake of preservative solution. Studies on softwoods showed, in typical tissue,
the preservative distribution was uniform in all tracheids. When small unsealed, short
length wood specimens were treated, longitudinal solution penetration masked this differ-
ence of distribution; that masking was confirmed by comparison of end-sealed specimens.
Similarly (especially by T.S. examination on freshly sawn  sections), liquid “bleeding”
or physical  transfer across fibres (particularly when tested shortly after treatment) could
cause erroneous conclusions to be drawn. Study was extended to creosote (auto-indicator)
and some oilborne preservatives with similar conclusions. In the research on CCA salts,
separate micro spot tests showed similar distribution patterns but salt component present
varied with species. Selective absorption was found. Consequent research including by
CSIRO confirmed these findings. The difference in sites of CCA deposition led the writer
to establish and confirm a correlation between the hardwood and softwood sites as an
explanation of differences in fixation of these salts.
11, 12. (combined topics) Chemical Control for laboratory and field status. Develop-
ment of plant control systems and operator training.
If  the aims of making the industry flexible, including a  species classification and
process schedules, were to be achieved, laboratory and industry control were essential. To
achieve these aims and ensure control at both levels was statistically reliable, five related
programs were initiated including operator training. They were;
a. Current laboratory analytical methods for wood and for solutions varied between the
research groups.
It was necessary to evaluate local procedures against a highly accurate, reproducible
reference method and then inter-calibrate them to those used by other groups. That study
was successful. Research included    pH indicators for accurate measurement of both neutral
and final titration points, effects of the molarity of boric acid in sample titration, reactants
including relative mass (volume) of boric acid and polyhydric alcohols in a formation of the
complex for final titration and led to development of a suitable method for field analysis.
A later review of procedures for sodium fluoride resulted in major changes but CCA
techniques were satisfactory.
b. Original commercial determination of the preservative uptake by charges was based
on a solution volume change calculated on estimated timber volume assuming a constant
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boric acid concentration of solution which was determined at the central Forestry labora-
tory. The writer showed there were  changes in the solution concentration measured before
and after a treatment. For effective plant control, there was need for these determinations
to be made at plant level for each charge to measure salt usage and when this was combined
with supplementary  analyses of samples of the treated timbers very accurate control was
developed. It was used for veneer treatment including non-static Momentary Dip. When salt
usage based on solution analysis was related to water usage there were differences (other
than for non-static Momentary Dip which was based on a solution “pick-up” per unit area
of veneer) and large fluctuations were found if conclusions were based only on a single
charge. Plant control was aggregated over a series eg, monthly. Three successive charges
were statistically considered as the desirable minimum number including tests on timbers
and treatments.
c. To develop a method suitable for use by the operators, two problems were in the
discolouration of the solution and possible buffer effects of dissolved extractives. The
removal of both of these by clarification techniques was successful and with small changes
to the complexing polyol a highly reliable accurate method was developed, referee
calibrated and adopted through the industry.
d. For general practices, initial charge volume was based on the nominal timber and
stack dimensions. Errors were found.
In normal commercial practice a board length was often estimated to +/-150 mm, with
width and thickness at nominal sizes. In erection of stacks, gaps between boards and short
lengths meant that nominal/true volume varied by up to 30+ %. To accurately measure the
solid timber volume of a charge, displacement of solution was adopted as used in vacuum
pressure systems. Veneer volumes were measured based on area of each thickness treated.
e. To ensure accurate salt and water usage, concentration change was tested at standard
temperatures, total volumes of solution measured before and after treatment and then made
to a standard volume with water and salt addition to ensure solution concentration
prescribed for the process. Adequate mixing ensured the solution uniformity. After CCA
treatments were initiated, significant errors present in control were corrected by adoption
of this procedure. Though a suitable densimetric method was developed for use in the
plants, as there were three components in CCA salt solutions each having different
solubilities and reactions with wood, confirmation by an independent solution analysis was
mandatory.
10. Classification of species for treatment by open tank (and full cell vacuum pressure)
processes and relation of moisture content in hardwoods.
The first treatments were based on a standard schedule applied in all situations,
including for mixed species. As the range of species increased (particularly at the hot and
cold plant in Brisbane  which drew supplies from over 300-400km), results about  charge
means showed high but variable coefficients of variation. They were also influenced by
mixed species in a charge and this mixture showed significant differences to pilot plant tests
on single species. When species which were significantly heavier than the standard
“representative species” were treated, individual and mean results were lower. As plant
distribution expanded, the species ranges increased and source effects were confirmed.
It was apparent  different species properties had effects on the treatment. To elucidate
this the writer related patterns of air movements from timbers with times at and levels of
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temperature during heating cycles and uptake in terms of cooling range and rate with species
and density.
In all cases, an optimum equilibrium condition for each cycle in treatment related to
species characteristics. It was found there was a consistent pattern of air movement from
hardwoods (rate of flow was a function of species). The pattern was cyclic with large and
small bubble sizes with periods of quiescence but in softwoods the  flow pattern was
constant with a uniform bubble size at a faster rate. The author considered the difference
in air flow from the hardwoods  suggested there were at least two different duct, or “effective
orifice”, diameters operative for air flow, one micro and the other macro in relative size; for
softwoods the conclusion was that “effective orifices” were relatively uniform in size.
When salt distribution in hardwoods was correlated with this evidence, the writer concluded
vessels and rays could be termed “macro ducts”  but ducts for air flow included “micro
orifices”.
Water movement (similar to the air flow) was found to “permeate” through the “micro
orifices” into all tissues. That led to the conclusion some wood tissues behaved as a “semi-
permeable membrane” and these conclusions explained experimental anomalies between
moisture uptake over the full section to solution “pathways”, to  sites of salt deposition and
overall retention in treatments.
The evidence was examined against analytical data and it suggested a classification
based on physical properties was practicable. When the results over a total of 50 species
were analysed it appeared wood density was the controlling factor but as the data bank was
expanded unexplained repetitions in classification of some species indicated some other
factor(s) may be present.
Additional to density a factor may be wood structure  and correlation with deposition
sites as demonstrated by the turmeric spot test should confirm the premise of vessels and
rays, i.e. the macro structure, being the significant factor(s). This was verified and
differences found in classifications for treatment were demonstrated as due to solution
uptake and penetration being affected by macro structure, namely porosity, defined as the
diameter and frequency (measured on a nominated T.S. area) and rays. That was confirmed
as data expanded to 200 species. The original density based classification was modified to
include porosity and rays.
In terms of thermally based open tank systems, due to a relation with thermodynamics,
wood density (except at higher ranges above 880 kg/m3 where porosity became important)
was the dominant factor and porosity/rays secondary but in   ambient temperature
treatments both factors were equally important. Wood reactivity was a factor in treatments.
Further study confirmed de-aeration and solution flow to be involved with density and
respectively with both micro and macro structures  in treatments of wood  but, based on
observed air flow patterns and rates of achievement of the thermal vacuum  as a function
of species, the author considered the numbers of micro ducts may also be variable with
species and consequently their “Effective Diameters” could be a function of their frequency
in the timber. That proposition was later confirmed (1961-1963) by dedicated research on
wood/air/vacuum/moisture/species physical interactions and treatments.
To make the classification generally applicable, it was necessary to quantify density,
porosity and ray values. That was done by initial use of published data and  measurement
as required. The writer established there was a similarity of the classification with Swain’s
Universal Index, but Index data needed statistical verification in applicable rankings and
use of the Index was confirmed.
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Concurrently quantified and validated variable treatment schedules for species groups
based on this classification were developed for each process and with a flexibility in
moisture content as a function of species, preservative, process and required salt retention.
The paradigm of air, water and density was confirmed. That classification and schedules
were tested in pilot plant and industry trials and confirmed by predictions of treatment for
other species. They were shown to be valid and applicable for the full range of 350 local
species and imported timbers, totalling about 600 species. They were first formally  issued
in 1951 and progressively upgraded.
An important aspect of this research was to ensure that plant construction, charge
erection, operator efficiency, thermal conditions, air and solution flow and absorption
within plants were consistent and uniform so that significant variations in treated wood
were not present. For vacuum pressure systems similar needs arose. Together they involved
study of critical factors such as diffusivity in thermal plants and for both systems the plant
effects on air flow and solution uptake. For early operations, data was collected and collated
in terms of fundamental principles which enabled subsequent plants to be to acceptible
design criteria.  A confidential “Plant Efficiency Index” was developed which enabled plant
and operator status to be evaluated.
7. 15. Physicochemical properties of timber and extended research on Development
of theoretical principles.
Concurrently and consequent on findings in development of treatment the author
began to relate research findings and industry data with possible theoretical principles.
It was confirmed there were consistencies of correlations in especially reactivity of
timber,  solution penetration and selective sites of salt (and ions) deposition.
As these differed from the permeation of air and water through all wood tissues, the
These principles were first developed and confirmed over time (1948 to 1961-63) for
physicochemical properties, thermodynamics, aerodynamics, for thermal vacuums as
functions of species response to temperature cycles and a need for equilibrium conditions
to be established in each process cycle. They extended to  liquid/gas/solution movement
into timber by what were termed “Accessible Free Paths” and “Orifices”, to “Effective
Orifice Diameter”, difference between  “permeability” and “penetrability”, reactivity in
timber in terms of access by air/water or preservative solutions respectively.  Evaluations
were made of flow in tissues, of the wood/moisture/density relationships and on limited
applicabiity of Void Volume formulae to hardwoods. Moisture distributions (and rates) in
seasoning of hardwood tissues were  shown to differ to softwoods and led to a postulate of
FSP being a function of wood density which was supported by a possible relationship
between specific gravity (density) with a fibre lumen diameter and wall thickness but not
for those of vessels. That postulate was confirmed (and included a similar relationship for
softwood tracheids) in 1964-65.
This research developed two further concepts in accepted indeterminate “green”
ranges in moisture content, which the author termed “Stable Green” and “Commercial
Green” moisture content conditions. They were shown to be very  important in utilisation
and treatment of timbers. They were associated with a concept (new to timber utilisation and
preservation applications) termed the “Standing Tree Moisture Content” shown to differ
from the classical “Saturation Moisture Content” as used  for wood/liquid relations. These
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new concepts were functions of timber species and of source climate conditions.
The research confirmed the theoretical and practical limitations in applications of the
general Void Volume  formulae to a preservative solution uptake in hardwoods. Results
confirmed  flow mechanic principles apply (with modifications for hardwoods)  for
preservation processes and practices. Direct involvement in application of these principles
continued over the succeeding years until about 1970-73 (when the author considered
industry was established on sound theoretical principles and research emphasis was
directed to the service problems of treated wood). Later literature supported the conclusions
drawn.
Two quantifiable new concepts relating the preservative uptake as solution or salt as
functions of density and porosity (diameter and frequency) were developed and were shown
to apply to hardwoods. They were defined as the  “Specific Vessel Void Volume” and
“Specific Vessel Void Concentration”. They enabled the writer to predict and accurately
measure differences in a preservative  uptake between species and source effects.
In their development, it was necessary to show;
i. Classical void volumes could be shown to be divided into cell voids and wall voids.
If, in this discussion,  rays (to which similar relations apply) are excluded due to their
relatively low uptake, then, for the softwoods, tracheid lumina occupy total cell voids and
in hardwoods, cell voids include fibre lumina and the vessel voids. As fibre  (also tracheid)
lumen diameters  and walls (hence voids) were shown to be functions of the wood density
(specific gravity), vessel voids are functions of density (specific gravity).
ii. a basic relationship may exist in a species between the values of pore diameters  and
frequency. Significant separate statistical correlations were confirmed for each of the
maximum, minimum, average pore diameters with the respective minimum, maximum,
average count per unit area.
The relationships  were very relevant in;
i. determination whether a species may be classified as susceptible to Lyctus in terms
of suitability of the pore diameter for oviposition of eggs by the adult.
ii. in the field assessment (confirmed in the laboratory) of possible or demonstrated
differences in treatability. The principal indicators were density which was a familar
property for operators in mills or factories and changes in porosity which were readily
accepted as differences termed “coarse, open or fine grains” (assessed on a L.S.) were of
practical significance in wood finishing.
iii. Comparison of values calculated from these concepts could be made with the
theoretical maximum concentration in a treated specimen at “infinite time of treatment”. In
commercial operations, away from direct influences of end or surface penetrations,
theoretical values were not met.
iv. The concepts were a measure of possible movement of a liquid, solvents such as
water or preservative solutions into fibre tissues.
A novel concept was developed of the air relationships in wood in terms of de-aeration.
In that concept, the total “Contained Air” was made up of “free air” in cell lumina,
“embedded air” in cell walls and what is described as the “dissolved air” in solution.
Solution was in both  “free” and “combined or bound” water present above and below FSP
respectively.  The theoretical and practical significance of these sub-divisions of air present
in wood rests in the relationships of their removal at different levels in evacuation of timber
384
and applicability of Langmuir type equations in this area of research. Parallels were drawn
with “Contained Moisture” in wood tissues and work done to remove each phase of it in
drying of timber samples.
It was necessary to prove from accepted theoretical principles that aerodynamic and
vacuum research resulting in the critical values of vacuum or temperature for plant and
species which were found were significant and real.
The experimental evidence which included applied industry technology  was con-
firmed by statistical correlations with a wide range of mathematical-physical thermody-
namic and aerodynamic parameters.
5,16. Susceptibility to Lyctus spp. and service problems of treated timbers.
In addition to service aspects, both topics are jointly discussed as they illustrate the
important role of Forest Products Research  Conferences and appointed Committees
(Preservation and Fire Retardent) in co-ordination by the State and Commonwealth bodies
in developing priorities in research programs  or in resolution of problems arising from
applications of the results. Many research programs required specialist facilities such as
study on decay organisms or by entomologists in Lyctus studies or in the organisation of a
national survey by a world  authority on marine borers. For the latter, additional involve-
ment was by University of New South Wales personnel. These objectives were accom-
plished through the Conference and its Preservation Committee and, for such as the special
survey on marine borers, local involvement and sharing of fundings.
Both topics relate to applications of research where the original premises on which
they were based were shown in some respects to be anomalous but these anomalies did not
become fully apparent until large scale uses demonstrated aspects of the original premises
required further review.
In research on establishment of an industry to enable utilisation of the many species
of which the sapwood was assessed as being  susceptible to  attack by Lyctus spp., two
important precedents (and a paradox) were developed in  the local studies or adopted from
overseas work. They were;
i. In 1936, Australian workers demonstrated different results in toxicity studies
dependent on whether the test was on Lyctus adults or larvae and subsequent work was on
the larvae.
ii. Studies on nutrition were conducted using artificial diets by which larvae were
tested.
The writer considered adequate overseas and early local data on marine borers  existed
and were then confirmed in his studies to justify similar Australian research in those two
procedures on  mechanisms for their attack and on methods of protection.
iii. there was a fascinating unanswered paradox in the selection by the adult beetle of
a suitable host timber for oviposition of eggs in vessels. That was  assumed as due to
“suitability” testing of the timber by the female. The paradox lies in the sites where starch
(or products) occurs in timber tissues and if the theory of pre-testing is valid the adult must
be able to  selectively test the radial or vertical parenchyma tissues and assess if a restricted
range of carbohydrates (or simple sugars) is present in adequate concentrations for
development of the larvae. That suggests a role for the ovipositor and for possible use of
enzymes in that test. The paradox is not expanded in the thesis but was one motive for
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separation of starch fractions for larval tests by a CSIRO worker.
For engineering timbers such as transmission poles and in marine piling, the anomalies
found in service related to apparent general assumptions of preservative distribution being
uniform in all treated hardwood (sapwood) tissues, but gradients of concentration with
depth may be present.
As a result, its performance would be adequate to give long term protection against
normal biological hazards and give it similar performance to treated softwoods or to durable
heartwoods. There were the added advantages of high strength species in service. Added
assumptions were that a chemically impregnated peripheral minimum envelope of 12 mm
depth in treated sapwood (determined on strength testing as an annulus in poles) surround-
ing the heartwood would adequately protect that zone and thus the heartwood durability was
not significant for many applications, but it was restricted by some user organisations.
In service, apparent abnormally high rates of attack and failures were encountered for
the complete section of treated hardwood marine piling and marine products such as treated
oyster stakes (NSW) and in the treated sapwood of hardwood transmission poles which led
to the review of assumed long term suitability of CCA salts or creosote-treated hardwoods
for certain applications.
For the latter, there were found problems of electrical conductivity though a wooden
pole was utilised not only for strength but as it was an electrical insulator.
For both of these uses, implications additional to their scientific aspects applied. For
the piling, national and international safety agreements applied and for power poles,
industrial agreements, health and public safety. The banning of line work on power poles
was a possibility but was removed by joint work by electrical authorities, line crews and
Forestry. Certain aspects on conductivity led to major electrical research being conducted
by the University of Queensland. In both cases, control was by a committee, but the
electrical committee adopted a strict  confidentiality requirement. Forestry was involved
both as a consultant member and a result of its administration of legislation and approvals
in  preservation. The author acted as specialist adviser and co-ordinated research and (for
poles) assessor of the distribution of the problem, in development of inspection techniques
and possible in-situ remedial actions. Unless they were successful, industrial confidence by
the line crews responsible for maintenance of power supply distribution was at risk.
For both investigations, extensive chemical analyses were required as well as field
inspections co-ordinated with local personnel and the subsequent correlation of data.
The magnitude of the necessary studies in both topics involved a number of Branch
staff and field officers. For a training school for inspectors which was co-ordinated by the
industry, Forestry specialists in wood utilisation and identification and pathology were also
involved.
The Conference and Preservation Committee were involved closely in these develop-
ments. The preservation industry was involved, fully for piling research, but restraints were
imposed on pole studies data by electrical industry  confidentiality requirements.
In 1975, recommendations by the author were adopted by the electrical industry for
an appointment (with support from preservative suppliers)  of a research fellow for
fundamental study on soft rot. That fellowship was filled in 1977. A separate “Soft Rot”
group was formed.
The review may be summarised as demonstrating effects of selective sites of the
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preservation distribution in these species as compared to softwood and need for extension
in toxicity testing to include a full range of the possible hazards as well as mechanisms
involved in attack.
5. Susceptibility to Lyctus spp.
Problems are described principally as discrepancies in the results. Aspects of research
by the writer in their clarification are jointly discussed and are typified by;
a. For Australian timbers, susceptibility was nominated on a minimum pore diameter
of 90 microns and on visual starch tests above a minimum rating. Susceptible species were
botanically identified. The discussion in Topic 3 examines starch tests and the related
aspects. Problems, later supported by NSW data, arose on this pore diameter classification
as the only structural criterion. Indian work linked attack also to pore frequency. Early
overseas studies related pore diameter to that of the ovipositor. The writer examined the
wood porosity (diameters and frequency) in terms of oviposition and concluded that was
the correct criterion. Results are described.
b. No recognition was given in the above testing for Lyctus decidens until an extensive
infestation (1964) in North Queensland of a wide range of veneer species (which were
treated by sodium fluoride) showed its importance.A similar doubt arose on preservative
toxicity; a review in 1969 by CSIRO resolved them.
Some experimental data had related conditions of the temperature and humidity
(moisture content) to attack by certain Lyctid species but neither States legislation nor SAA
Standards made any allowances. Studies of climatic factors are separately described which
include these aspects.
c. Lyctus spp. differ from many other hazards in that an egg is oviposited within a vessel
and developing larvae are directly exposed to preservative during digestion of wood tissues.
There were anomalies relating egg diameters to pore diameter and in use of nutrients
impregnated into a wood specimen to determine their minimum levels for larval develop-
ment as impregnation resulted in selective distribution in wood samples which did not
correspond with natural sites.
Anomalous results  on impregnation of starch in two species were clarified by the
writer by a comparison with “Specific Vessel Void Concentrations”.
15. General Service problems and their solutions.
Service problems may be summarised in that for boron salt treated products no
significant problems arose except for external use and gluing of veneers which were
overcome.
For the CCA general purpose preservatives, above ground service and use were
adequately satisfactory but problems for marine piling and transmission poles in treated
i. For  marine piling, rates and severities of service failure (first found in 1969) were
such that legislative approvals for this use were restricted and the Queensland port
authorities adopted alternative materials. Surface softening, leaching and migration of salt
components were significant  below tidal range and possible associations of bacteria (and
soft rot organisms) were postulated as a result of the investigations.
There had been no local preliminary research programs for treated hardwoods in terms
of any sequence of, or in the mechanisms of, attack by the larvae as compared to adult
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animals. No research was done on possible symbiotic or synergistic roles of any bacterial
associations with larvae nor on possible detoxification of the CCA salts.
His research led the author to suggest the principles of effective protection and suitable
chemicals against the larval attack could differ from those suitable for pile preservation by
impregnation against adult animals  and thus preventative measures such as had been
formerly used may be more applicable. They included protection by metal sheaths or by a
“floating collar” technique. Evidence was accumulated relating type of environment where
piles were embedded to possible severity and incidence of attack.
Long term studies led the writer to establish a relation for marine borer skeletal
development (with differences between larvae and adult) and  including the distinctive,
protective “tubes” with calcium and magnesium ions.
This was supported by literature and with analytical data and led to possible reasons
for detoxification of the CCA constituents. In marine and tidal waters, the analytical data
for these ions showed highly significant statistical correlations with water salinities  which
had been used as criteria for marine borer distribution. Those studies, which arose from
recreational activities, coalesced about 1953 when the writer made long term extensive
salinity analyses for a study by a co-worker who was a specialist on marine borers and who
investigated their distribution in marine and tidal waters. Though the study established
significant distribution relationships with salinity, the writer was subsequently unable to
determine or correlate either developmental or biochemical relationships with salinity and
had felt other factors may be present.
ii. Transmission poles.
Toxicity tests on preservatives were normally performed only by such as the “brown
rots” or “white rots” though occurrences of “soft rots” as  service hazards for poles (and
piles) in European countries were later established as well known to pathologists and
microbiologists. Poles with treated sapwood were first installed in Queensland in 1963. In
consequence, the writers research on soft rot problems in poles and its control, or in
prevention of attack,  was (from 1968/69) carried out in a context of “unidentified decay
organisms” until identification was made in 1971.
Soft rot was first identified (1968/69) by inspectors as “brown rot” during unplanned
inspections of poles.
Power  authorities originally adopted possible “safe (?) non-inspection periods” for up
to 10 years. That practice was immediately abolished. Inspections made urgently over a
number of areas confirmed results from that first unplanned inspection.
The writer established certain similarities to brown rots on inspection  but that current
attack appeared to be by different organisms and the (subsequently confirmed) soft rot
organisms similarly utilised the cellulose content of the treated sapwood with related
reduction in density and strength properties. Extensive chemical analyses of the CCA
residual salts and their distribution were made.
The research confirmed that these organisms were tolerant to very high preservative
levels but more importantly it was shown they could penetrate untreated fibre tissue by sub-
microscopic points of entry. Due to the proven high preservative tolerance by soft rot
organisms emphasis was placed on the outer 1.5 mm zone of treated sapwood where
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preservative concentration was significantly higher than the average through the treated
sapwood.
The most pressing requirements were to develop expertise by field pole inspectors in
identifying characteristics of soft rot attack, establish the distribution of the problem,
quantify the rate of loss of treated sapwood and assess the possible loss of heartwood.
Unless these aims were achieved, the acceptance of poles by industry was at risk. The
measures taken by this writer jointly with all groups in the electrical industry are described.
They were successful. However it became clear that the initial impregnation preservative
distribution in hardwoods meant that a satisfactory long term service protection of poles
was very dependent on prophylactic treatments.
Though implied by some workers that the problem related only to tropical service, the
writer proved distribution was widespread through all Eastern States and extended to the
drier interior climates. Research confirmed that data and also the variable rates of
deterioration of sapwood which were shown (including large controlled research) to be
related functions of the soil type and surface cover. A difference was demonstrated in types
of black soils in terms of the incidence of soft rots.
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1Explanatory Notes - Flowchart 1
Author’s note;  in this flowchart, auxillary roles and scientific disciplines involved
have been excluded, but included Wood Chemistry, Timber Physics, Wood Seasoning
practices, Sawmilling and Plymilling techniques. They all played significant roles in this
work.
Notes:
a. * nominates the overall aims of Branch policies and research groups. The total
number of species, many of which were not utilised at commencement of this research,
exceeded 350, but, except for only specialised rainforest timbers for veneer and plywood
production or temporary uses such as packing cases, the species utilisation was generally
restricted to the “Primary Species” and then only to the visible heartwood and larger girth
classes.
b. Pathways are defined as research and applied sequences or aspects which required,
or were shown during the full development of the programs to be necessary, to achieve a
successful result.
Importantly, as the preservation roles developed, it was apparent that this was a
fundamental scientific subject and for it to be soundly based on logical principles, the author
found it necessary to establish essential data on assessments of the separate zones in timber,
some of which were not treatable by commercially available means. As the supplies of
native gymnosperms were limited and as softwood plantations were only recently estab-
lished, angiosperms were the major timber species requiring to be treated, this explains need
for research on properties  of these species, the wood/gas/liquid/solution relations, and on
both thermal and aereodynamic  characteristics.
c. Preservation is shown as Pathway A and utilisation  aspects needed for effective use
of these species as B. The inter-relationships of Pathways A and B are shown.
d. Co-ordination of properties with service and hazards with research by specialists eg.
entomologists is shown by Pathway A2. It extended to  geoclimatic conditions which affect
severity of hazards (and wood treatability).
e. Pathway A1 shows the separation into zones of timber, leading to studies on
sapwood, its (A3) identification from heartwood (which was found to be “untreatable”) and
this was (A4) primarily the responsibility of Pathway B.
Studies were necessary to quantitatively evaluate starch (A3 -1) and a range of
significant properties in sapwoods of different spp., which affect their treatability.
f. Separation of impregnation practices from mechanical means or surface protection
is shown as A5 -1, with the interactive stages of development of conventional means of
preservation shown in summary in Paths A6 a-d.
g. These were necessary to enable the author to construct (A7) joint general species
treatability classifications and process operating conditions or process variables, eg. time
at temperature (termed schedules), of the large range of hardwood species (including
imported spp.) to be handled by the preservation industry. This included an in-depth study
of preservative distribution between the softwoods and hardwoods, shown to be significant.
22. Flowchart 2.1 sets out the development of Open Tank treatment from the initial Type
A system.
a. Annotations (A) eg. (A1), (A2), (A3), demonstrate the separate pathways involved
in evaluating the accumulating data, establishing  effective chemical control methods and
their subsequent extension to field and plant status. It will be noted there were progressive
developments in the evolution of treatment groups and in which density was of increasing
importance and, due to extensive research on a sensitive in-situ spot test (Ch. 11) which
enabled study of preservative distribution in hardwood tissues, led to the clarification of
macrostructure roles in de-aeration and liquid movements during treatment.
b. flexibility of plant operations is summarised in pathways (B). For example (B1)
relates schedules (Ch. 12) to species and classification into Groups.
This extended (B2, B2-1) to other Open Tank systems (Appen. 14) and subsequently
extended to vacuum pressure treatments. Importantly the control practices extended to the
latter.
The flexibility in plant design materials and ability to use fungicides to protect
rainforest and softwood timbers is emphasised in (B4).
c. Data was accumulated over a range of provenances as well as plants for the multiple
species being treated.
d. For thermal processes, plant thermodynamics (Ch. 13) were correlated with
theoretical principles and similar research conducted on wood/air/water/preservative
liquid relationships with initially macro-structure and then the micro-structure (Chs. 8, 12,
13, 14). These are shown in pathways (D) to (F) and enabled the writer to confirm the
preservation practices followed fundamental principles, which were different in some
aspects to those applying to softwoods. New theoretical concepts (Ch. 12) were formed and
found applicable to these species.
3. Flowchart 2.2. demonstrates the similar research when vacuum pressure (full cell)
plants were introduced and in which the author’s earlier studies on thermal systems and his
previous experience (1958) during secondment at DFP., were applied. Pathways (G) to (J)
show the progression in this field. This led to similar fundamental (and novel) principles
being demonstrated for angiosperms in which the species structure was significant.
4. For both open tank systems and vacuum pressure plants, the consequential results
was a viable industry which was effective in conservation of forest resources.
1Explanatory Notes -  Flowchart 2
Notes:
1a. Chart 1 (p.1) summarises the influence of the size of a sawmilling, or major
processor, organisation upon both the economic capital cost of a treatment plant which may
be installed and the  auxillary facilities such as steam generators, handling equipment and
capacity available for such plant.
For such organisations, if a primary sawmiller, total log input processed per day is high
but, dependent on product such as structural timbers, the range of species may be principally
Group 2B, 3, 4, but if principal milling  was in rainforest timbers as well as structural
products, the range for treatment was high.  Sub-stacks for segregation in seasoning (based
on kiln or air practices) were often combined for treatment, until Group schedules  (Ch. 12)
were developed and shown to provide large economies in treatment. In that era, Price
Control (then 11 shilling / 100 s.ft [imperial units quoted]) placed an emphasis on costs. If
treatment was by a processor, who may not only saw logs but drew supplies from a wide
range of sources and species, the operational economics meant a spread of possible species,
moisture contents and wood densities in any charge could increase. This also applied to
seasoning practices such as air drying followed by kiln seasoning.
Consequently, from a production perspective, this led to use of a “Standard Schedule”
with relatively large “safety factors” and a high Coefficient of Variation for the results in
the treated timber. To meet that need, the firm based such schedules upon a “representative
species” which represented a major percentage of total log or sawn product.
This explains the extensive research on sampling methods as well as correlation of
water and salt usage in terms of total charge volume and identification of treatable volumes,
based not only on starch positive zones, but on “sapwood zones. Effects of “Reactivity” and
“Wettability” (Ch. 8) were necessarily studied in terms of usage of both salt and water.
Constructional costs were high due to restriction on the materials for construction (Ch.
10) as the preservative was limited to boric acid only. That (Chs 1, 10) meant a smaller
organisation originally considered preservation as limited only to larger groups.
The above represented the initial plants established for timber treatment in this State.
The aim was to make the industry fully flexible and applicable to all types of organisations,
irrespective of size.
Subsequent to installation of the high capital (Ch. 10) cost vacuum pressure systems,
many plants were based on a central processing organisation and this explains (Ch. 14) the
author advising general schedules unless specific plant operations were followed. Suppliers
of these plants did, however, supply smaller units for lower production by individual mills.
1b. However for the initial Steam/Cold Quench established at El Arish (North
Queensland), the sawn production was restricted to only one species, namely white
cheesewood, Alstonia scholaris
then preservative (boric acid) was incompatable with the available fungicides causing
severe, uneconomic, losses through the major incidence of sapstains which made the treated
product unmarketable.
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SERVICE HAZARDS FOR TIMBERS IN QUEENSLAND.
The principal hazards for timbers in service are;
(1) Termites and;
(2) other wood destroying insects;
(3) Decay;
(3)-(a) Sapstain organisms;
(4) Marine Borers;
(5) Physical Stress - low moisture content, splitting, thermal stresses.
(6) Fire, including bush fires.
of which only (1) to (3) are detailed, with reference    to (5), (6) (Chapter 3) discussions
in separate chapters on (4) and special cases (soft rots) of (3).
For insects, Brimblecombe (1956) gives their distribution and, in this discussion, these
are referred to in  terms of Hazard Map (Cokley and Ryley, 1968) zones  which are  shown
in Map 1, as updated and expanded on by this author and as described in Chapter 3.
Termites.
Principal families are the mound building or subterranean  types, causing serious
damage to living trees amd timbers  in usage.  They are;
i.   Calotermitidae,
ii.  Rhinotermitidae,
iii. Mastotermitidae.
of which (iii) occurs principally in western zones but is  found in all areas, including
coastal, above a line from  approximately Ayr (Coastal Dry Inclusion) to Winton, shown
as Zone E, Map 1 and continues into the Northern Territory. Mechanical barriers (termed
“ant-capping”) and elevation of the  building structure by “stumps” formed a highly
effective  barrier against the two more general families, though no  protection is given
against Drywood termites (Cryptotermes  spp.), occurring in all coastal zones. Later
building by use of “slab -on - ground” construction increased risk from  termites. Use of
“Soil Poisoning” and resultant increased pollution risk are consequences.
Wood Boring Insects.
These, dependent on families, attack timber as trees, logs, as sawn timber and in
erected structures. Typically they are laid  as eggs into wood tissue, or under bark and work
inside timber  causing damage before surface evidence is noted. Families  ii. to vi. are
discussed also as “log boring” insects.
These include;
i. Lyctidae, (Powder Post Beetles), of which Lyctus brunneus Steph. and Lyctus
discedens Blkle., are local species, with L. decidens confined to northern areas (typically
Zone D).  The latter species, smaller than the more common L.brunneus, caused major
review of toxicities of certain preservatives.
Lyctus spp. are significant in all zones east of a 750 mm rainfall (30inch) isohyet, but
have been found extending (Chapter 3) to areas east of the 500mm isohyet and occur in drier
areas due to the presence of microclimates.
ii
These feed on starch positive wood of angiosperms when the wood vessel diameter is
suitable for egg oviposition. Combined with the facts that they attack timber below fibre
saturation moisture content but do not attack the softwoods, this indicates the high
economic significance of the Lyctidae in the utilisation of hardwood species.
ii. Platypodidae and Scolytidae
for tropical/ subtropical rain forest areas ( Zone B, D, but including Zone A).
Attack is on freshly (green) fallen logs, can penetrate bark and infest the wood. They
become a major problem in the “Wet Season”.
The Hoop Pine shothole (Platypus froggatti Samps.) borer occurs in Zone A, attacking
logs within one hour of falling. These species attack cyclone damaged trees.
iii. Bostrychidae- The Auger Beetles- attack logs of high moisture content (differing
to Lyctidae) and containing starch. Attack is on logs of rain forest and open forest species,
but can occur in freshly (green) sawn timbers.  Coastal and near coastal zones are subject
to these.
iv. Cerambycidae -Longicorns- also attack affected trees or freshly fallen logs, laying
eggs under bark and tunnelling into sapwood. They bore into heartwood to pupate. They do
v. The family Buprestidae
Cypress pines. The Hoop Pine Jewel Beetle can continue working for up to 14 years after
infestation (Brimblecombe, 1956). They are present in mainly Zones A and B, Map 1, but
rarely in Zone C.
vi. The Anobiidae
(Calymmaderus incisus Lea.) is a major pest, for  especially Zone A, in densely populated
areas, where both hoop and bunya pines were extensively used in building construction.
Damage is severe and is found up to 30-40 years after the initial construction.
Decay and Sapstain.
These present significant economic problems particularly in Zones A and D. Typi-
cally, they do not present major problems in other Zones, though, through microclimates
(see Chapter  3), they occur in Zone B, especially in the Granite Belt areas near Warwick
to Stanthorpe. Severe cases have occurred in Dry Inclusions (see Chapter  3) at Bowen and
Ayr, due also to the occurrence of microclimate conditions.
However soft rots (Ascomycetes and Fungi imperfecti) were located in all zones and
are also present in cooling towers (both softwood and hardwood construction) and also
occur in marine environments.
The decay fungi are mostly members of the families Polyporaceae and Theloporaceae.
Severity of attack is dependent on local temperatures and humidity in service (not
necessarilly ambient) and, thus, consequentially on wood moisture content. Importantly,
the time relationship of exposure to these conditions is a factor in the onset of attack by these
organisms.  Sapstains are not only responsible for defects in visual appearance of timber,
but their presence indicates conditions suitable for the initiation of decay. They can remain
dormant for some years and are reactivated by moisture increases.
Decay and sapstains, as well as bacterial invasions, affect the wood structure and
increase permeability by preservative, especially water borne types. Both are intensified by
monsoonal conditions or floods. For the latter, cases of decay and sapstains have been noted
in all zones.
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Appendix 2.
ESTABLISHMENT OF A LONG TERM MULTIPURPOSE RESEARCH
PROGRAM ON SELECTED QUEENSLAND TIMBERS.
Commencing in 1949, multiple objective, large scale research , involving 10 logs for
each of 13 species, was initiated (Q.P. 9-2-1, u.p.) for investigations into factors which
influenced  treatability by preservatives, service life, durability in test sites, and Lyctus
susceptibility of timbers.
The initial planning and research programs for exposure methods involved specialist
consultancies from staff of the Division of Forest Products, CSIRO, for field tests and the
accelerated soil contact studies. The proposed Lyctus exposures tests involved consulta-
tions with Dr. A. R. Brimblecombe, of the Entomology Branch, the Queensland Department
of Primary Industries, who also reviewed all assessment techniques.
These materials were to be concurrently examined to indicate ranges of wood density
variations compared to the published values. Preservatives included copper and zinc
naphthenates, pentachlorophenol in oil and Tanalith salts. Sample sections were 100 x
12mm, 100 x 25mm for treatment and Lyctus exposures, with 50 x 50mm for the “in-
ground” treatments and durability exposures.
Specifically, preparatory procedures for that study were;-
Each board was cut into smaller lengths, 750mm long, with three intermediate small
lengths, approximately 15-25mm long, for starch, moisture, density and identification
purposes, using procedures standardised for research into preservation on a pilot plant
status and for commercial applications.
Starch testing included splitting in at least two places to expose radial faces and visual
starch assessments made on  at least three surface points (Chapter  4)] for each of these faces.
Proximate starch positive proportions of the cross-sectional volumes and the surface area
were determined for each specimen.
Preliminary surface protection against sapstains (sodium pentachlorophenate) was
given after sawing  and for the  period during preliminary air-drying [this sapstain control
was subsequently (chemically confirmed) machined off]. After sawing, each specimen  was
cut and machined to measured (+/-1mm) dimensions and end-sealed before air drying. The
oven dry weights for each specimen were calculated, based on initial moisture determinations
and  the “green” weight, from which progress sample moisture contents were determined.
Sample boards were measured, weighed (before, and subsequent to, end-sealing) and
identified numerically using an embedded metal disc. In excess of 2400 specimens needed
to be prepared, starch tested, densities and moistures determined, preservative treated
(Cokley and Rees, 1964, u.p.) and later exposed in service. Complete heartwood material
was included, was tested for properties, including structure and density and then treated for
durability exposures. Preservative penetration of heartwood was limited in depth to
“surface only”. Representative treated specimens were gradient analysed, as well as
supplementary starch assessments to investigate effects of preservative treatments on
starch evaluations. Untreated controls were heat sterilised prior to the final exposures to
service, especially for Lyctus tests. Service exposure sites were;-
(1) In-ground durability specimens were exposed at two sites, one near Jolly‘s
Lookout (located in State Forest) in South  Queensland.  A second one was at Gadgarra (also
located in State Forest), on the Atherton Tableland, North Queensland. Each layout of sites
was statistically randomised in blocks.
(2) Lyctus exposures were at a Brisbane site, located within the Forestry Experimental
Yard environs. They were randomised.
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(3) accelerated “soil- contact” trials, using veneers, were conducted, where tensile
tests were correlated, using controls, against failure by decay.
Service trials included untreated controls. For exposure studies to Lyctus attack,
untreated - heavily infested- kurrajong, Brachychiton sp.,  bait pieces were placed adjacent
to the exposed specimens. Precautions were taken to prevent any oil solvent vapour effects
on  untreated controls.  For “in-ground” trials, untreated samples for each species including
full heartwood, were exposed.
Appendix 3.
also Appendix 10 for new recommended practices).
Procedures, as originally used for starch determination by visual means are described
in this appendix. However, based on experience developed by this author in amassing of the
initial data  bank (Chapter 4) and by progressive research, certain changes were made. These
include;
Section (a.ii) - multiple splitting and surface dressing,  if required, were introduced.
Section (a.iii) - a longer specimen was used.
Section (a.v) - precautions in testing of veneers, the reasons for  such (cf. Chapter 4)
and the influence of veneer thickness.
1. Preparation of specimen.
Typically ;-
(a) Where possible, a 5mm dia. boring was taken from the  sample, was split, or surface
“shaved”, to remove any impurities and to also expose a radial face for testing.  Problems
when using hand increment borer (lengthy time of sampling,  difficulty in penetration of
many species, small sections [5mm radius] as  produced for the test) precluded continuation
of their use, other  than for special tests. When electric power tools, eg. drills, became
available, a  12mm diameter plug was taken, but it was used principally on round timbers
such as poles. Compression and heating, were  problems. Power extracted large diameter
plugs  did see service, including wood structure studies in stems.
(a.i, ii) If boring was impossible, samples were  removed by  axe, saw or chisel, cut and
split, to expose  radial faces. Generally samples were split to a small cross-section for ease
of testing. Alternatively, a board cross-section, about 25mm in  length, was taken and split
in at least two places (dependent on angle of cut [AS 01-1964]) to expose a radial face.
When  necessary, split surfaces were dressed to a smooth face. These procedures were
used in the preparation of   sample boards for experimental studies.
Notes;
(a.iii) A modification for routine testing, for example in the evaluation of preservative
penetration, was subsequently  adopted by the author‘s laboratory for both the starch and
preservation tests. A standard sample length of 300mm,  taken at least 0.5m from an end was
used. The specimen was  split, as in (a.ii) above. One of the split faces was tested for starch,
with the matching face separately tested for levels of and concentrations of preservative
penetration.
(a.iv) For logs, common practice was (see Chapter 8, also Appendix  13) to make “V”
vcuts in the fresh ends of a log (for at least  three radial points). Starch tests on the exposed
radial tissue were done.
(a.v) Veneers require special precautions in testing, and especially if “green-off-lathe
(or slicer)”. Research, described in Chapter 8 and Appendix 13, meant detection methods
needed to be established and verified, with a separate supplementary sampling made for
confirmation.
Reasons for precautions in veneer testing.
They arise from manufacturing methods and the  relatively thin veneer sections.
Rotary veneers vary in thicknesses  from 1.5mm  up to 5mm, but sliced material generally
will not exceed 1mm and often measures less than 0.5mm in thickness. The reasons are;-
a. When logs are boiled prior to peeling, or slicing, into veneer, two effects result. They
are discussed (Part B.ii.i.vi, Chapter 4) as significant factors influencing sample test results.
The effects are;
i. Starch grains are softened (Chapter 4).
ii. Some starch is solubilised, remaining in solution during the “peeling” or “slicing”
operation. In both production methods, veneer  is compressed by a “pressure bar” on the
machine.
This results in the transfer of some starch (in solution) to what is an  adjacent face of
the next veneer. When tested, the “smearage”  appears as a “blue streak” on a top surface.
Colour varies,  dependent on presence of polyphenols or of low values of soluble  ferrous
salts from the boiling vats. This situation is eliminated by  drying and “shaving” (or sanding)
of surfaces to remove the  “streak”. The cause was confirmed by comparison of “peeler
blocks”  of suitable low density veneer species, which were processed without pre-boiling,
to matching “peeler blocks” (Chapter 8) which were boiled before peeling.  No test
problems were found in veneers from the former.
b. Due to the veneer thinness, after processing and sanding  operations are completed,
a typical radial field for starch  examination in rotary veneers may only be 1-2mm thick. For
sliced veneer “cut on the Quarter” i.e, the radial face is  fully exposed, the problem does not
exist. It will occur if   veneers are sliced “with the grain”, that is tangentially. The situation
can arise (and did) where a test officer is required to starch test on veneer tangential sections
perpendicular  to the rays. This type of problem was overcome by research on  extraction
methods (Chapter 4, Appendices 5, 10). That test was used as a confirmation assessment.
For studies described in Appendix 2, techniques (a), (a.i),  (a.ii) and (a.iv) and
precautions described for veneers were utilised.   A tentative starch depth was outlined on
all log ends before  sawing into boards or peeling into veneers.
(c) The method of test also varied;
Where a boring, or small split specimen, was taken, it was,  after surfacing (as above),
frequently dipped into iodine/potassium iodide (I/KI) solution,  standardised at N/20
concentration. Alternatively, the reagent  solution was applied using a glass atomiser, or by
a non-ferrous  brush, or plastic wash bottles.  The ratio of reagent to surface depended
heavily on methods of application,  eg. dipping vs. atomiser use. Time of exposure for
samples to reagent  varied from zero (instant reading) to 5 minutes, dependent,  inter alia,
on the numbers of samples being tested. Fading of the blue colour can occur.
author’s note; after investigation of anomalous results caused by this variation in
testing, the assessment time after application was standardised  (Appendix 10) at two
minutes. Excess reagent (to “run-off”) was used.
Subsquently, often after an initial visual proximate assessment, tests, using a 10x
magnification (generally hand lens),  resulted in starch ratings, based nominally on the
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accepted  procedures (cf. Part B.ii.i, Chapter 4). Gradings were made subjectively (cf. Parts
A, A.ii. A.v, Chapter 4) by the assessor.
Appendix 4.
SUMMARY OF THE INTERFERENCE EFFECTS BY PRESERVATIVES ON
THE VISUAL ESTIMATION OF STARCH IN TIMBERS.
Preservative Method of Starch
Estimation (1)
Sample Extract
Creosote/oil mixtures + + (2)
Pentachlorophenol/oil mixtures (a) + + (2)
Pentachlorophenol/creosote mixture + + (2)
Copper naphthenate/oils (a) + + (2)
Boric Acid n n
Sodium Borates (x) n n
Boric acid / Borate mixtures n n
Sodium Fluoride n n
Boron/Fluoride mixtures n n
Phosphates e.g. ammonium salts (b) n n
Sodium Pentachlorophenate n s (3)
Sodium P.C.P. / Fluoride n n (3)
Arsenic Pentoxide n n
Arsenic Pentoxide/Fluoride n n (4)
Arsenic salts / Sodium P.C.P. n n (5)
Zinc Meta Arsenite s n (6)
Chlorinated Hydrocarbon emulsions n n (3a)
CopperChromeArsenic salts + (7) n (9)
ZincChromeArsenic salts + n
FluorChromePhenols (a) + n
Methyl Bromide n n (8)
Copper Borate  (6) + s (9)
Ammoniacal Copper Arsenate   (6) + s (9)
Notes;-
+ = Interference, s = Slight, n = Nil, effect.(1) Sample - N/20 Iodine/potassium iodide applied to   split
radial section of specimen. Extract - water, or 5-10% m/m calcium chloride  at 100° C. Water was used
for a comparison of effect.     (2) Interference is reduced by preliminary soxhlet  treatment.      (3) used at
0.1-1.0% m/v. concentration with alkaline buffers, eg. sodium borates, anti-sapstain treatments.
(3a) If the sample is tested freshly after treatment,   some interference occurs in extract due to formation
of   foam in extraction.      (4), (5) tested on imported species.(6) Investigational projects.(7) After special
training, operators can assess with  only slight interference. Difference in  interference  pattern was
dependent on species, eg. softwoods versus    hardwoods. Interference may be reduced by shaking the
wood with warm, dilute (1 - 2% m/v) hydrochloric acid     before visual assessment, or before extraction.
(8) results based on imported timbers, examined after  fumigation.  (9) preferably removed by acid wash.
(a) includes investigational project studies eg. Cokley       & Rees (1964, u.p.) as well as commercial
treatments. (b) Phosphate mixtures, when used as fire-retardent     treatments. However, when
phosphates are incorporated     with copper/chrome/arsenic, fluor/chrome/phenol, zinc/ chrome/arsenic
mixtures, interference  from the other   component(s) can occur. Mixtures of phosphates/boron
compounds do not cause interference.    (x) When (but not only) boric acid or sodium borates are used,
particularly with processes involving heat, water soluble sugars (and other carbohydrates) are extracted
into solutions, together with polyphenols and colouring matter. Cross-impregnation of these can be made
into material subsequently treated in the same solution; this effect is limited to thin sections, or surfaces
and it does not exceed 2mm in depth of penetration. It  became significant in veneer treatment or when
research studies are involved. Commercially, in veneer and in sawn timber manufacture, this surface
effect was removed by sanding or machine dressing into products.
Appendix 5.
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EXTRACTION TESTS FOR QUALITATIVE AND SEMI-QUANTITATIVE
TESTING OF WOOD SPECIMENS FOR STARCH.
Experimental Procedure.
A satisfactory technique is extraction of thin shavings, of about 0.5 mm thickness, in
an aqueous solution of 5% mass/volume of calcium chloride. As many local species are hard
to wet with aqueous solutions, it was found  advantageous to add a small concentration, viz.
0.001%, of non-ionic, non-foaming,  surfactant, to the extractant medium. For all surfactants
used, it was desirable to test for interaction with an iodine solution using laboratory grade
potato starch. Results showed additives used to be non-reactive in the tests. Especially on
Study of the influence of variation in concentrations of the iodine/potassium iodide
reagent (I/KI) showed the presently used N/20 was the optimum concentration. It was
standardised at that level, thus conforming with visual practices. A need was confirmed
(Chapter 6) for an excess of reagent to be present to ensure a complete reaction occurred.
This was the basis for the additive proportions cited in the test.
Coarse sawdust may be substituted for the shavings, but care is essential that pre-
drying temperatures, or the reduction process, such as hammer-mill, do not overheat the
starch. A discussion of these effects is made in Chapter 7.
An extractant volume of 10ml was used for each 0.2gm of wood shavings, such that,
even at high concentrations of starch which could be present, the “iodine-blue” colour was
not excessively deep and could be effectively graded.  Comparative aliquots of standard
potato starch solution had been used to train operators.
The shavings were extracted for 10 minutes at 100 degrees C. They were filtered hot,
washed,  the extract cooled to room temperature and made up to 50 mls volume.
Then iodine/potassium reagent is added to an aliquot in the proportion of 0.2 mls of
(I/KI) for 10 mls of the aliqout. It is then visually graded in terms of the “blue colour”.
For qualitative, proximate tests, to determine presence only, or absence, of starch;
1.dilution need not be made of the filtered extract.
2. for field measurements, when calcium chloride solution was not available, water
extracts were used. This was infrequent, (see Appendix 4) and, where possible, was later
confirmed by calcium chloride extract. Dependent on species, some extractive colour was
present for water extracts, which was not present in calcium chloride extracts.
For semi-quantitative results, the colour was compared to a standard. For proximate
evaluations, where standards were not immediately accessible, the writer found use of a
Lovibond Comparitor “blue” phosphate disk to be effective. In such cases, subsequent
assessment against a standard was carried out.
APPENDIX 6.
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PREPARATION Of REDUCED WOOD SPECIMENS AND PRE-TREATMENT
FOR STARCH EXTRACTION and ANALYSIS.
This sets out the preparation of standard specimens for analysis of starch and related
carbohydrates in wood, based on research by the author described in Chapter 6.
1. Sample preparation—wood tissue.
Note; For preparation of specimen from preservative treated material, safety precau-
tions, such as masks, are taken. When reducing by the “fibrator”, goggles and mask are used.
In normal preparation conditions, preliminary extraction, by such as Soxhlet, is advised as
For preparation of the reduced material, the wood section is normally taken from a
sample pre-tested for starch. It is cut, or split, into thin sections, 6 - 9 mm thickness, allowed
to air dry under cool temperate conditions, then reduced by the “fibrator” used by the
laboratory.
This machine was based on earlier development by the Queensland Sugar Bureau (and
industry) laboratories and consisted of a bank of small diameter saws (6 saws each 150mm
diameter were used) set eccentrically on a rotating shaft. Saw spacing was adjustable, and
thus the particle size, to which the timber sections are reduced, can be varied. If required
at a finer mesh, the material is subsequently further re-ground using a Wiley, or Hammer,
mill. Production estimations can be made on material reduced by the “fibrator” and
separation of particle size by sieve. The machine is cleaned by compressed air jet. As the
fibrator successfully processes “green” material, with subsequent air-drying, if further
mesh reduction by mill is needed, this enabled evaluation of  preliminary drying conditions.
Changes in moisture contents, using a separate sample to that for extraction, are a reliable
guide to show if reduction conditions are excessive, or are overheating the materal.
Subsequently ground sample material is air dried and stored in glass or plastic. It is mixed
and quartered, prior to analysis, to ensure the final test sample is representative.
2. Sample preparation — soft tissue, eg. seedlings.
For soft tissue, reduction and extraction may be done jointly. Material, cut into small
sizes, or shredded, is macerated in the presence of cold (ambient temperature) water, using
a Waring Blender. A small household blender is equally suitable. The joint process may be
stopped after maceration (typically 10 to 20 minutes) and the starch dispersed using hot
water.  When joint extraction is used, a time period of 24 hours was satisfactory. Increase
of temperature will reduce the time.
Where a mixer is used, care is needed to prevent “cavitation”.  Hydrolysis, using acid
techniques may be incorporated, but care is necessary to use inert stirrer blades and shaft.
3. Pre-extraction treatments.
When the research programmes require study greater than for a routine examination,
the material is given a preliminary extraction treatment (ASTM) for non-starch extractives
by using successively benzene/ethanol and ethanol. It is followed by air, or vacuum drying,
at low temperatures. The writer found a low velocity, warm air jet is advantageous to dry
the material.
4. Precautions for preservative treated material.
Note: see introduction to appendix on precautions taken in reduction of preservative
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treated wood samples.
For preservative treated material, preliminary separation procedure are essential but
vary with the preservative. For boron and fluoride preservatives discussed in this thesis, no
interference has been detected. Preservatives examined for interference and the results are
listed in Appendix 4. Final removal of extracting solvents for preservative removal is
necessary.  Temperatures of such extractions (and removal of solvents) to which wood
meal, or extracted starch, is subjected should not exceed 100 degrees C. Time at temperature
is important. Where starch estimation is based on determination as total sugars (eg.
glucose), by hydrolysis, or by enzymolosis, preliminary extraction of water soluble sugars
is necessary.
Campbell (1935) and Henderson (1943) considered  the preliminary extraction by
water at 60 degrees to be  desirable to remove water soluble sugars and polyphenols. Hanes
(1935) suggested this be followed by a solubilising treatment before solution in boiling
water. Schoch (1945) emphasised the need to “defat” the starch structure before fundamen-
tal study.
Removal of proteins or fatty acid complexes is not carried out for routine determinations.
Appendix 7.
RECOMMENDED METHODS FOR MEASUREMENT OF THE DEGREE OF
STARCH DEGRADATION, INCLUDING IODINE TITRATION.
The method is based on determination of excess iodine, unused in formation of a
“starch-iodine” complex. Excess iodine is extracted by carbon tetrachloride  and is then
measured by a standard back titration, which is compared to a “blank” of iodine reagent
After centrifugation (4OOOrpm) a measured aliquot of “starch” extract is decanted,
washed, the supernatant and washings cooled and made to volume (50ml). An aliquot of this
is treated with a measured excess volume of N/20 iodine/potassium iodide (I/KI) reagent
and is allowed to stand before being  centrifuged. After centrifugation, it is decanted,
washed, made to volume (typically 50 ml).
An aliquot of this second supernatant is completely extracted in a 100ml separating
funnel with A.R. carbon tetrachloride. This removes the initial excess, unreacted iodine
from the aliquot. Water  (20 mls) is then added to the carbon tetrachloride.
The extracted iodine is titrated against a standard sodium thiosulphate solution. An
untreated, equal volume, “blank” is measured and the difference determined. Usage of
iodine reagent for the original aliquot is calculated based on that difference.
For routine purposes, to examine the influence of extraction conditions, measurement
of the change in usage of iodine is sufficient. Data from this technique enabled standardi-
sation of a starch.
Alternative preliminary test for effect of degradation.
When developing a variation of an existing method of starch extraction, it is adequate
to determine relative absorbance value of replicate (3) aliquots made under changed
conditions.  They are compared to results from  the standard method. If that evidence shows
a change, quantitative determination is made as above.
Appendix 8.
xINVESTIGATIONS INTO THE USE OF FORMAMIDE AS AN EXTRACTANT
FOR WOOD STARCH AND ITS SUBSEQUENT SEPARATION.
Use of formamide  as extractant for wood starch.
In discussing iodiometry, Vogel (1964) cites solubility of starch in formamide, but a
search of literature gave no evidence of its application to extraction of wood starch.  There
were needs for an alternative extractant for starch. In view of the extensive study carried out
by the author to determine its suitability, discussion is given separately in this appendix.
Formamide possesses suitable properties, namely:
(i) a high boiling point.
(ii) near neutral characteristics.
(iii) high solubility in water and complete miscibility with ethanol.
Formamide is postulated (Schmidt, 1943) to resonate between the primary amide and
iminohydrin structures and this may explain its suitability for this purpose.
Laboratory tests showed it was a suitable solvent for cereal starch and for each of the
two fractions. Optimum extraction conditions were given by a formamide to water
proportion of 2:1, although this did not appear to be highly critical. Subsequent tests were
conducted for its suitability in the extraction of wood starch.
Optimum conditions were determined as extraction on a warm hot plate with
mechanical stirring at a temperature of 40o C. but a temperature controlled water bath was
equally suitable. At 60o C, the extraction rate was approximately doubled, but the lower
temperature was preferable to reduce possibility of starch degradation. When an extraction
was followed microscopically on a thin wood section, the mechanism in “solution of starch”
showed changes in physical conditions of the starch “grains”, similar to action of dilute
sodium hydroxide on caseins. When initial  changes in extraction  continued to be followed
microscopically, the formamide penetrated starch “grains” causing sequential effects of:
(i) swelling, followed by gradual loss of opacity, with a concurrent general softening
of the “granular” structure.
(ii) formation of “soft” gelatinious particles, loss of structure.
(iii) the final formation of an opalescent, colloidal solution.
The tendency was for wood starch to be preferentially extracted from the vertical
parenchyma, followed by the radial tissues. This suggested that  formamide access in wood
tissues was, in the first instance, via vessels. The formamide was found to also dissolve
coloured extractives from the wood.
Recommended extraction procedure.
Using a formamide / water ratio of 2:1 and an extractant volume of 30ml of mixture
per 1 gram of wood (40-60 mesh), extraction of starch was substantially complete within
1-5 hours, was variable with species, sample size and the starch concentration. Several
extractions should be made for new species, until the wood meal gives a negative reaction
with iodine or for group carbohydrates. Degrade of starch as a function of time was
significantly lower than for water, or for 5% calcium chloride, at 100o (maximum time - 2
hours). Tests showed formamide may be  classified as being a very mild extractant. It was
found satisfactory for research on removal of wood starch and was used for that purpose by
the writer.
Direct tests on the starch solution in formamide by N/20 iodine reagent show a
negative reaction unless extracted solutions are diluted with water at a minimum ratio of 6
volumes of water to 1 volume of solution.  A dilution rate of 10 parts of water to 1 part of
solution was optimum and was adopted. Unless that dilution is done, the  iodine reagent,
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if added as successive drops, forms a transient blue, which is decolourised on stirring.
Separation of wood starch from formamide.
To precipitate the starch, it was found desirable to add a minimum of 4 volumes of
ethanol to 1 volume of the formamide extract. Starch precipitate  is centrifuged at greater
than 4000 rpm for effective separation.
This precipitate, which was in the form of a very fine amorphous material, is then re-
dispersed in hot water. Alternatively ethanolic precipitation is used.
Author’s note; formamide is readily hydrolysed by dilute sodium hydroxide, by
sulphuric acid, or by boiling with water, but  it was preferable to standardise on   aqueous
dilution of the formamide extract as above. Exclusion of the other reagents, which are  cited
above, was caused by their reactions with starch.
Appendix 9
A REVIEW OF ALTERNATIVE TECHNIQUES IN ANALYSIS OF STARCH
AND CARBOHYDRATES.
(Author’s Note; refer Chapter 6)
Many analytical techniques for identification of natural products, such as proteins and
carbohydrates, evolved around Chromatography and include Gas-Liquid, Column, Thin
Layer and Paper procedures. However, in the field of wood chemistry, their applications
had not been as rapid as in other fields, partly due to the fractionation and purification
problems of starch which are discussed in Chapters 5, 6.
Moore and Johnson (1967) detailed procedures in sugar estimation. Roofayel (1968)
prefers polarimetry and discussed removal of protein. Scott and Green (1972) described
estimation as furans. Holligan (1971) reviewed G.L.C. techniques. Lederer and Lederer
(1957) discussed the use of column and paper techniques. Beveridge and co-workers (1972)
and Oades (1972) may be cited as typical applications in the fields of soil and pasture
carbohydrates. Lederer and Lederer (1957) showed amylose and amylopectin may be
fractionated by column chromatography using alumina. They also discussed Column or
Paper chromatography by carbohydrate reagents such as orcinol and triphenyl tetrazolium
chloride. Feigl (1966) described a number of satisfactory spot tests. Phillips (1966)
discussed effects of radiation. The use of “tagged” starch provides an effective method for
studies on  degradation of starch. Peat et al. (1948) discussed the possible  enzyme
conversion of amylose to amylopectin by Q enzyme. Greenwood and Milne (1968)  also
discussed this. If an enzyme, such as Q enzyme, was present in plant tissue extracts, any
chromatographic techniques would require its inactivation for studies on starch fraction
ratios.
Laboratory and field quantitative techniques were developed for starch (The Tintometer
Ltd. 1967), sugars and enzymes, which depend on initial extraction and then measurement
against standard known compounds They are useful in quantitative analysis on a compara-
tive basis in research studies on both degradation and influences of environmental factors.
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Appendix 10.
METHODS RECOMMENDED FOR QUALITATIVE AND QUANTITATIVE
EVALUATION OF STARCH IN TIMBER.
Methods set out hereunder are satisfactory for routine starch examinations.
1. Qualitative (suitable for both the laboratory or field conditions).
(a) The test specimen is split radially and one face tested for presence of preservative.
The matching face (radial) is treated with an excess (to run-off) of N/20 iodine/potassium
iodide (I/KI) solution (stored in a dark bottle), and the colour allowed to develop for a
minimum of 2 minutes. The section is examined (by 10x hand lens) for the “blue” to “blue-
black” colouration  of starch grains in the radial and the vertical parenchyma.   It is rated
This test procedure is not suitable where oil-borne, or CCA, preservatives have been
used. Other additional precautions are required, such as extraction [(b) below] for oil-borne,
or preliminary treatment with dilute hydrochloric acid for a multisalt type preservative.
(b.) Where oil-borne preservatives have been used, an initial preliminary Soxhlet
Confirmation extraction and test.
From the surface tested for starch, thin shavings, less than 0.5 mm thick, are sliced from
the section and cut into fine slivers. They are then placed in a test tube and extracted in 5%
m/v calcium chloride solution at boiling point for 10 minutes, using 10 ml of solution for
each 0.2 grams  of wood. Addition of non-ionic surfactant (0.001% m/v, not critical) is
advised. The extract is filtered hot and then allowed to cool to ambient; N/20 iodine/
potassium iodide reagent is added with shaking, using an addition of 0.2ml per 10ml of
initial extract volume.
It should be read within one minute as a precipitate may form after that period. A blue
colouration is produced in the presence of starch and is graded against standards. Where
required, the initial extract may be diluted to 50 mls.
(c) If water was used for the extraction (Appendix 5), the “solution” may be
sufficiently coloured such that, if in the opinion of the test officer, this may cause
interference, starch is precipitated by ethanol (a volume greater than four times the extract),
allowed to settle and the supernatant  decanted. The starch is washed with water/ethanol and
then redispersed in boiling water. This is tested as in (b) above.
Note; The precaution was used infrequently as 5%  calcium chloride solution had been
normally used as extractant.
2. Quantitative laboratory estimation.
If wood contains other extractives, or preservatives, which may interfere in final starch
analysis, preliminary treatment (ASTM) is given by a Soxhlet extraction using:
(a) benzene/ethanol.          (b) ethanol.
2.1. Untested species.
Where studies are on a previously untested species, times for completeness of
extraction shall continue for 1 hour, the liquor decanted off, a further 20 ml per gram of wood
added and refluxed for a further period, eg. 30 minutes. The  liquid change is continued until
a sample of fresh extractant gives a negative test for either starch or carbohydrates, but must
not exceed a total of two hours. The extract should be tested for degrade of the starch.
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2.2. Standard extraction.
An air-dried sample, taken from a specimen tested on both split faces as in 1(a) above,
is ground to 40 - 60 mesh and then extracted under reflux at 100o C. with  5% m/v calcium
chloride, using a volume of 20 mls for each 1gm of air-dried wood. The reflux is continued
for 1 hour. Multiple samples may be immersed in a boiling water bath, using a test tube and
finger condenser for each sample.
Extractants may contain an additive equal to 0.001% m/v of a non-ionic, non-foaming
surfactant, previously tested to ensure a negative reaction with the reagent.
Extracts are filtered, washed with hot water and the washings combined, cooled and
the starch quantitatively precipitated  by ethanol (a ratio greater than four times extract/
washing volume) and centrifuged. Alternatively, extract and washings can be cooled, made
to a volume and an aliquot taken (after shaking) for precipitation. After ethanolic
precipitation, the supernatant is decanted off. Precipitated starch is washed with ethanol,
centrifuged and dispersed in water at 100oC. and, after cooling, is made to a volume,
typically 500mls.
After re-dispersion, the starch is estimated by either standard iodiometry, or by
hydrolysis, or enzymolysis (for these latter, measured as equivalent sugars). Unless given
solubilising or stabilising treatment, measurements by iodiometry are made within one
minute after formation of the complex. All sampling of the starch dispersion must be after
shaking.
For iodiometric measurement, standards must be refluxed, or treated, under the same
conditions as the test sample. The reference starch, for example potato starch, is stated.
When simple sugars are to be measured, a suitable technique is based on orcinol. A
suitable disk and procedure for portable reading is used (The Tintometer Ltd., 1967). This
reagent, and technique, will detect to about 5.0 micrograms of sugar. Glucose is used as the
reference for the latter, but if other sugars are used, they are nominated.
When orcinol is used, removal of calcium salts (used in extraction) is desirable to
prevent calcium reaction with sulphuric acid used in the test. When the estimation is done
on the starch after ethanolic precipitation and resolution, the writer found that the removal
of calcium  (Chapter 6) is adequate and no significant interference occurs.
Appendix 11.
REPRESENTATIVE MANUFACTURING PROCESSES FOR WOOD
PRODUCTS.
Freshly fallen and sawn (or peeled) timber products will range in moisture content
from 50 - 150 %, reported on the basis of oven drying of a sample (AS 01—1964) to a
constant weight.
For effective service, or for further processing such as the production of dressed or
“machined” flooring or manufacture of plywood or laminated products, that initial moisture
must be reduced to, or below, specified limits. Other processes, such as preservation in
aqueous solutions, may require the product at higher moisture contents with subsequent
seasoning. Some processes require the timber moisture be reduced to very low  levels,
typified by modern high temperature plywood hot press production.
To achieve these aims, various seasoning, manufacturing and preservative practices
A. Sawn timber.
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Timber is separated by small “strips”, for free air flow.  Times are compared for 25mm
thickness of tinber. Sizes in excess of these require much greater time in processing.
1. Ambient or air drying.
Exposed to air temperatures, stacks may be under cover or be stored in the open.
Usually seasoning by this means is to just below fibre saturation point (FSP). Dependent
on climate, a seasoning time of 4 to 12 weeks applies. For equilibrium moisture condition,
these times can increase by a factor of four. A shallow moisture or thermal gradient applies
in general but, if severe conditions exist, steep gradients can occur.  When the air drying is
restricted, especially under cover, rate of loss of initial moisture is low and resorption of all
or part of the starch can occur. If dried in the open, board surface temperatures can attain
70 - 80 degrees C.
A summer rainfall, high humidities and warm ambient temperatures may promote
depletion of starch and water soluble material.
2. Kiln drying.
This is based on the use of controlled temperatures and changes in Relative Humidities
(%RH) to reduce seasoning times and prevent excessive gradients and consequent stresses.
Two of the common kiln practices are based on temperature ranges.
2a. Low temperature seasoning, increasing by controlled stages up to about 80
degrees. Corresponding Relative Humidities are progressively reduced from about 90%RH.
to 30%RH. The sawn timber is normally “air dried” to fibre saturation point (FSP) as a
preliminary step and is kiln dried (25mm thickness basis) for up to 96 hours.
2b. High temperature seasoning, developed for faster output especially for softwoods,
employs temperatures up to 120—130 degrees C. with a very low Relative Humidity.
Drying, on an equivalent basis, ranges up to 36 hours. For softwoods, the modern kiln drying
techniques effects may include that volatiles are steam distilled, resin acids are “degraded”
and “surface inactivation” occur.
2c. Reconditioning  was developed for stress relief and to remove steep moisture
gradients. The “charge” or stack of timber is heated using “wet”steam, high humidities and
temperatures up to 80o C. Times up to, and in excess of, 48 hours prevail.  Starch loss has
been noted when the temperature/humidity are such as to maintain high values of moisture
conditions.
For all these processes using heat, residual temperatures and thermal gradients persist
for up to 48 hours.
B. Veneers.
Systems were similar to sawn timber, except for modern high production needs using
phenolic resins as the adhesive. In the latter, machine driers, based on movable belts in a
heated atmosphere using temperatures of the order of 130-150 degrees and progressive drop
in %RH, dry veneers to moisture contents not exceeding about 3-5%.
In  a  mechanical  system, “pass rates” through  a  drier  of 10-20 minutes  apply  for
2-5mm. thickness; in  some systems, there are measurable electrostatic charges built up on
the veneer.
Veneers are then sprayed with water and block stacked for 12+ hours. Residual heat
is present and temperatures in the range of 80 - 85 degrees C. have been found to prevail
for up to 24 hours (Cokley, 1956). Outer edges and ends cool at a faster rate.
C. Plywood (and Laminate) manufacture.
Manufacture ranges from “cold pressing” under clamps for up to 12 hours, to “hot
xv
pressing” for high moisture resistance and high production. R.F. heating is used for
laminates. Hot press conditions range from temperatures of 80 degrees for urea resins to 120
- 150 degrees C. for phenolics with pressing times of 3 - 20 minutes and using pressures
about 1200 kilopascals. Residual temperatures in plywood in block stack, after pressing, are
about 70 degrees (Cokley, 1956). Water sprays before block stack reduce these tempera-
tures to about 40 degrees C. Special surface resin coatings may be applied to plywood for
resistance to abrasion or chemicals, and are incorporated in a hot pressing regime.
D. Chemical factors.
In plywood, laminations and chipboards, other problems arise. They are exemplified
by;-
(i) when casein adhesives, with alkaline pH of the order of 10.0 to 11.0 have been used,
hydrolysis of starch has been found to occur. Excess alkali has been shown to permeate the
veneer and normally high moisture contents from the “cold-press” times of 12-24 hours
prevailed. Unless re-dried, the plywood moisture content will remain high for in excess of
several days.
(ii) In synthetic resin adhesives, some free residual formaldehyde particularly for
chipboard and urea resins, is detectable for up to 6 months. This may interfere in tests for
carbohydrates.
(iii) Specifically for urea-formaldehyde adhesives, residual hydrochloric acid from
the polymerisation reaction and due to the catalyst, dependent on veneer thickness, may
permeate the total veneer.
(iv.) Common practice was to use wheaten flour as “extender” for low moisture hazard
applications. Plywood so manufactured was “pressed” at ambient or low hot press
temperatures. Whilst most of the flour is embedded in the glueline matrix, care is necessary
to avoid positive starch reactions by its inclusion in test samples.
2. Preservative treatments.
In addition to processes using oil based preservatives, and which  includes a process
termed “Boultonising” (high temperature and vacuum for extended times), preservative
processes use ranges of temperatures similar to air and kiln seasoning. However, generally
for thermally based aqueous treatments, saturation moisture contents of the treated zone are
attained. For full-cell vacuum/pressure treatments, such products may remain in “block
stack” for some weeks at a high moisture content. Some starch resorption and/or degrada-
tion has been noted.
Appendix 12.
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EFFECTS OF PROCESSING CONDITIONS ON WOOD STARCH.
Series Process Condition (n.b) Result (1)
1 air dried products. pos
(stored logs, timber, veneer).
2 Kiln dried below 70 degrees. “
(timber and veneer).
3 G.O.S.(a), air dry, preservative “ (b)
treated at ambient temp(c),
tested ex treatment.
4 As for 3, tested after air “
drying.
5 As for 3, 4. Tested after kiln “
drying below 70 degrees.
6 G.O.S.(a), air dry, preservative “ (2)
treatment up to 100 degrees (d).
(range 70—100). tested ex treatment.
7 As for 6, tested after air drying. “ (2)
8 As for 6, tested after kiln “ (2)
drying below 70 degrees.
10 Cold pressed plywood (e), (f). “ (3)
11 Machine dried veneer (80 —100 “ (4)
degrees) at 8—12% m/c.
12 Machine dried (< 120 degrees) veneer “ (5)
8—12% m/c, cold pressed (U.F.) (g,h)
13 Dried as in 12, Hot pressed (U.F.) “ (5)
at 105—115 degrees. (g)
14 Machine dried (> 120 degrees) veneer Neg.
to 3—5 % m/c., water sprayed and
hot pressed at 130—150 degrees
using P.F. glues.(h) (i)
15 Air dry timber treated by oil Neg.
( > 85 degrees), in vacuum process.
(n.b.) all temperatures, degrees Centigrade.
Notes to Appendix 12;-
(1) Macro results, using standard test. As applicable, starch was extracted, and confirmation tests
made.Pos = starch test positive, Neg = test negative.(2) Starch typically swollen. When the treatment
time was  extended, starch became readily extractible.(3) Alkaline gluelines and urea formaldehyde glues
present.  Also see note 2. above, and comments (D. ii,iv) Appendix. 11.(4) 4000 sheets tested in a total of
20 rain forest  species. Active Lyctus decidens attack was present after  storage for 2 years.
(5) results extremely variable, ranging up to negative.(a) G.O.S.= green-off-saw, viz. fresh material.
(b) Treatment time to 14 days for atmospheric process,but inclusive of vacuum pressure processes (3-8
hrs). (c) Borates, fluorides, multisalt preservatives, with preliminary extraction, if applicable, eg.
multisalts. (d) Open Tank (atmospheric) treatments in both aqueous   solutions,  and separate (air dry)
tests in light  organic solvent preservatives. A preliminary extraction  as needed.(e) Veneer was air, or
low temperature kiln, dried. Held  under clamp pressure 12 hours.(f) Interference by adhesives. Where
U.F. glues were  used, the  wheaten flour utilised as “extenders” caused  anomalous results for thin
veneers (<2 mm) in plywood. (g) Farris (1962) reported interference by formaldehyde. (h)  U.F.= Urea
Formaldehyde resin.P.F.= Phenol Formaldehyde resin, often used as a “dry film” adhesive.
(i) Evidence suggested material was, in many instances,  almost anhydrous (note water spray uses,
Appendix 11),  and the starch present was “dehydrated”.
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STARCH DISTRIBUTION, AND RADIAL DEPTHS, IN 29 RAINFOREST
SPECIES.
Species No. St.Dep(mm)(*) C.G.(m) Type
(1) (x) Range Mean Range (a)
Albizzia toona 3 87-89 88 1.68-1.83 A(2)
(red siris)
Alstonia 10 100% - 1.37-3.81 A
scholaris
(white cheesewood)
Argyrodendron 125 3-100% - 1.12-2.89 B
actinophyllum (blush tulip oak)
Argyrodendron 7 29-95 69 1.29-2.01 A
peralatum (red tulip oak)
Argyrodendron 27 12-100% - 1.24-2.77 B
trifoliolatium (brown tulip oak)
Beilschmiedia 4 100% - 1.40-1.60 B(4)
bancroftii (yellow walnut)
Brachychiton 12 100% 100% 1.24-1.93 A
acerifolius (flame kurrajong)
Calophyllum sp. 23 17-59 31 1.83-3.68 A
Cardwellia 40 6-64 35 1.32-2.69 A
sublimis (northern silky oak)
Castanospermum 13 76-127 81 1.42-2.72 A
australe (black bean)
Dipter. sp. 7 25-47 39 2.16-2.77 A
(keruing)
Dysoxylon 11 32-127 66 1.78-3.50 A
fraseranum (rose mahogany)
Elaeocarpus sp. 1 100% 1.22 -
(a N. Qld. quandong)
Elaeocarpus 3 100% - 1.12-1.24 B(2)
grandis  (silver quandong)
Endiandra 1 100% - 1.24 B(2)
discolor (rose walnut)
Eugenia 36 64-140 88 1.42-2.89 A
syzygium (prob.) (a N. Qld. satinash)
Eugenia sp. 4 0(3) 0 1.65-1.98 A(3)
(a S. Qld. satinash)
Euroshinus 6 76-100 97 1.6-1.9 A
falcatus (pink poplar)
Flindersia sp. 90 25-100% - 1.42-2.21 B
(northern silver ash)
Flindersia 2 35-47 41 1.27-3.00 A(2)
australis (crow’s ash)
Flindersia 2 50 50 1.80-2.13 A(2)
brayleyana (Qld. maple)
Octomeles sp. 76 6-41 22 2.01-4.44 A
(erima)
Octomeles sp. 2 6-16 11 1.88-2.13 A(2)
(binuang)
Pennantia 2 89-114 102 2.08-2.18   A(2)
cumminghamii (brown beech)
Pometia sp. 37 10-76 28 1.70-3.17 A
Species No. St.Dep(mm)(*) C.G.(m) Type
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(1) (x) Range Mean Range (a)
(taun)
Shorea sp. 10 28-47 45 2.06-3.96 A
(light red Phillipine mahogany)
Shorea sp. 22 25-67 44 1.88-3.22 A
(red meranti)
Shorea sp. 1 - 35 2.59 -(5)
(white meranti)
Sloanea 49 89-100% - 1.42-3.68 B
woollsii (yellow carabeen)
NOTES:
(*) Starch Depth
Total specimens —545 logs representing 29 species (see text) —  a total of 15 families (not listed).
(a) Type A = consistent, Type B = variable (see text)
(1) species and Standard trade names based on the SAA    nomenclature (AS 2543—1983, AS 1148—
1971). Separate specimens taken for verification of identification.
(2) Where 3, or less, sampled, type class indicated. This has been confirmed by studies in other veneer
mills and sawmills.
For Flindersia australis, sapwood colour differentiation  is unreliable, but  at the “sapwood/heartwood”
boundary, when sawn, there occurs a small “constriction”  which is readily recognised.
(3) Subsequent studies showed that negative starch is very atypical; reliable colour differentiation
occurs. These subsequent studies confirm Class A.
(4) This species also typically contains bands or  zones of “included sapwood”, as well as bands of
“included heartwood” and hence variable. Colour differentiation is unreliable.
(5) Subsequent studies show broad correlation to Class A, but the species is variable.
(x) each full log (see Chapter  8) was cut into peeler  blocks (1.8 m). Number per log varied with total
length, but was typically 3-4 blocks (and wheels). Separate block results were used in derivation of  mean
starch depth and the formula (see Chapter 8). Comparison of “peeling” data on starch depth against
“wheels” cut in preparation of the “peeler logs” enabled study of effects on starch of pre-treatment in
the “boiling baths” prior to “peeling”. It also enabled confirmation of colour differentiations.
Appendix 14.
SUMMARY OF DEFINITIONS AND OF PROCESSES USED IN THE
PRESERVATION OF TIMBER, AND PRODUCTS, IN QUEENSLAND.
The prime purpose of this Appendix is to acquaint a  reader with the types of, general
practices used in,  processes applied (or proposed) for  the preservative  treatment of timber
products, so enabling an effective  consideration of related topics, eg. Chapters. 7, 8, 12, 14.
In the preparation of these, it became apparent that some appropriate  definitions should be
included, rather than their being prepared as a separate glossary. Certain of these processes,
illustrated by the “Hot and  Cold”, were adopted, adapted and quantified, from the known
practices. A number of modifications were necessary for local variables, both species and
climatic conditions.
Thus, data is informative rather than discussive.  Other than a need to clarify certain
aspects (legislative, or  reasons for preparation of “stacks” of timber as a  “charge”), source
references, specific process  facets or details, are not discussed. One exception  to this is in
relation to “Glueline” treatments for  plywoods, given prominence by other research groups
but not  approved under the Acts (T.U.P.A.,  1949) for reasons stated under that topic. If a
notation  “(see text)” is shown, rather than as a cross-reference  to specific chapters, this
indicates  that a number of different thesis  topics are relevant. For all processes, all the
appropriate solution  volume measurements and the required preservative (salt) concentra-
tion determinations were made.
Some exceptions to this general presentation are made  where it is desirable to show
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any major change to either an  original process, or practices, as being necessary to ensure
effective,  economic and commercial operations. These are illustrated by  the “Momentary
Dip” process for veneer treatments, or in vacuum/pressure processes.
Special problems associated with initial preservatives,  namely boric acid and sodium
fluoride, had included the inability to incorporate sapstain  control additives and restrictions
in the materials of plant construction.
Research into alternatives (see text) also enabled the writer to develop  further
flexibility in processes, or to increase the usage range in materials of construction.
A. General definitions of terms used in preservation.
Though some terms had wider timber industry uses, certain have specific meaning
when applied in the preservation industry and are stated below.
1. Absorption (termed “Uptake”). Also see “Retention”.
An uptake of solution by the timber resulting from the  preservative treatment. For
vacuum/pressure processes,  this has two classifications which are;-
1.(i) “Gross absorption” is total volume pumped into a  charge of timber during a
pressure cycle of treatment.  The point at which that occurs is termed “Refusal”.
1.(ii) “Nett absorption” is the residual volume  taken up by a charge after  “Kickback”
(qv.), which is removed with drainage of the  charge by use of a final vacuum cycle in the
process.
1b. “Dry Salt”, “Salt Loading”, “N.D.S.R” or “NDSR”.
This is the concentration (cf. “Retention”) of an active preservative present in the
treated product. It generally applies to the use of aqueous solutions.
2. Bundle.
A quantity of timber (veneer), bulk piled for handling,  for erection as a “stack”, or
special treatments such  as by the vacuum/pressure systems. Generally, a “bundle” is
restrained by “bindings”. Care is required to ensure the  restraint is adequately flexible to
allow swelling of the boards during treatment.
3. Charge.
A volume of timber, handled as a unit, preservative  treated in a single operation.
Dependent on process, the “charge” may consist of one, or more, “bundles”, or,  alterna-
tively, it may consist of one or more “stacks”  (qv.) for free circulation of preservative
solution.
4. Cylinder or Vessel (see vat below).
A steel vessel, certified for application of hydraulic pressure, for treatment of timber
and timber products by the use of vacuum, or by vacuum/pressure,  processes. The general
term includes solution storage systems.
5. Kickback.
A term used in full-cell vacuum/pressure treatments. It is the  volume of a preservative
solution expelled from timber  when  application of high pressure ceases and the system is
returned to atmospheric pressure. It is used as a guide to effective evacuation of timber in
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the full-cell process. A high  “kickback” shows a poor preliminary evacuation of contained
air in the timber. The author demonstrated the preservative concentration of solution
removed after “kickback” is lower than the initial value  injected into the cylinder.
6. Retention (also “Dry Salt”, or “Salt Loading”).
It is defined as concentration of active preservative  absorbed per unit volume (or per
mass) of the timber  in a treated  charge (cf. Chapter 2 for legal meanings). In vacuum/
pressure commercial processes, overseas practices  adopted an inter-usage of this term and
“Absorption”.  The term “Retention” is applicable for timber treatments when using
creosote/oil formulations.
7. Schedule or Cycle.
This, for a preservative treatment operation, refers  to conditions of time, temperature,
cooling range,  solution concentrations, vacuums, pressure involved.  Cycle is, in practice,
used mainly for schedules in  vacuum/pressure. Schedules are functions of the process,  of
the timber species, dimensions and type of product being treated.  “Cycle” is also defined
as a part of a full treatment  schedule. This term is also applied to kiln seasoning.
8. Stack.
This is erected from bundles by separation of boards  into layers by thin timber
sections, called “strips”,  and by provision of edge separation between boards.
A  “stack” is also the basic unit for timber seasoning.  Separation is one (chapters 8,
10, 12, 13, 14)  of the most essential factors in open tank treatments and is to allow;-
(a) the free circulation of preservative solution to all  of the board surfaces (faces and
edges).
(b) For boards, particularly if treated below FSP (Chapter 7, 12), swelling occurs
during treatment, especially if by aqueous preservative solutions. The edge spacing (as a
function of species and “angle  of cut”) is about 10 mm between boards for up to a 100mm
wide board and increases with board width.
(c) adequate air circulation in seasoning processes.
A “stack” is restrained as for a “bundle”, but with extra  provision to prevent
dislodgement of the assembly when  it is being mechanically handled.
9. Strip, Sticker, or Finger.
A small length of timber, generally square end-section,  usually of 12-18mm edge
section, used for separation  of boards in a stack. Larger “strips” may be used for   seasoning
of round timbers such as poles. “Strips” are evenly spaced (approximately 0.5m) along the
length of and placed perpendicular to the board length. They  are   vertically aligned to
prevent distortion of any board (and/or stack). When used in a fixed frame for separation
of thin sections, typified by veneers when treated by the “Hot  Immersion” process, the
“strips” are often termed “fingers”  or “stickers”. The frame is termed a “cradle”.
Care is necessary to ensure that the “bearing surface”  of a “strip” does not prevent full
liquid access to a board. In practice, the maximum contact is advised to be restricted to
25mm. Above that,  contact pressure (due to the stack mass) on a strip, does inhibit both
circulation and penetration of the preservative. The restriction also applies to seasoning
practice. The problem arises in vacuum/pressure systems where,  due to the small cylinder
diameter, high capital costs, the  timber is treated in bundles. Contact between boards,  as
a function of mass, and “sticking” (auto-adhesion  between boards) present in   especially
species of high air-dry densities, has inhibited evacuation and fluid (see text) penetration
in these processes.
Exudates give similar effects and slash pine presents  these problems. “Block stacked”,
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bundled, veneers of many rainforest species require separation due to adhesion.
10. Vat or Plant (see cylinder or vessel).
This term is usually restricted to systems operative  at nominally atmospheric
pressures. It consists of the chamber, or vessel, in which treatment takes place. A more
general term, “the plant”, includes supplementary  facilities such as heat generators, plant
laboratory, control room, or pressure steam boilers.
“Vats” are often fitted with adjustable stack restraints,  needed to prevent flotation
effects for timbers of low,  to moderate, air-dry densities. As an alternative, the  restraints
are incorporated when erecting a stack.
Dependent on preservative and process, a “vat” is built  of, or used;-
(a) rectangular or square construction, with open top,  covered from rain or heat loss.
(d) overhead entry by crane, or, at the end, by bulkhead doors.
Construction, dependent on preservative, is made in  reinforced concrete, brick,
timber, steel. Composite  “vats” are made using these. Insulation is used for steel plants to
prevent heat loss. Dry sawdust, or  shavings, gives good results. When that material is used
as the insulation, an  external (usually timber) wall is built.
B. Treatment processes.
For other than temporary uses such as for sapstain  control, prior  to their commercial
use, all preservative treatment processes and plants  are required to have legislative
approval (Chapter 2).
Initially the States Acts (Chapter 2) did not give a  legislative control to the Forest
Service over  pollution or industrial health in plant design or operations.
However, supervisory co-operation existed with the  State Departments of Health
(Division of Industrial  Medicine and Hygiene), Primary Industry (eg. Standards  Branch),
Machinery and Scaffolding (inclusive of the  Weights and Measures Branch) and Local
Government. Fire Services and   local medical officers co-operated.  Subsequently, formal
legal approval was given, under  regulations (T.U.P.A., 1949), for plants to fall within
requirements by State Government (eg. Health) Departments and for those of the Local and
Fire Authorities in  these areas. These were prescribed in plant approval certification.
Processes fall into general categories as hereunder;-
B.i. Those treating by short time immersion.
This involves “green-off-saw” product at ambient, or warm (to ensure adequate
preservative solubility at required  concentrations), temperatures, treated in an aqueous
preservative solution.  For veneers, this is (Chapter 8)  termed “Momentary  Dip” and, for
sawn timber, “Dip Diffusion”, with the  latter being principally used in countries such as
Papua New  Guinea or New Zealand. For the “Dip Diffusion” process,  mixed salt
formulations, at a high concentration, are utilised.
B.i.i. The principles  have been examined in Chapter 8, but, for  veneers, there was a
need to avoid high surface levels of  preservative (which interfered with synthetic resin type
gluelines) given  in original “Hot Immersion” operations by high (boric acid) solution
concentrations. For these reasons, the author made  significant changes to practices initially
developed for the “Momentary Dip”  process.
As first developed by the Division of Forest Products,  CSIRO. (Tamblyn, 1949), due
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to the need for all  surfaces to be coated by the preservative solution,  individual handling
of veneer sheets was recommended.  The process was semi-static, the veneers were
submerged  for variable times and both the surface (very high) and the “core”  concentra-
tions had wide variations.
With aid from industry sources, the writer was able to  utilise a procedure similar to
usual glue application  techniques.
Veneer is passed (Plate 2) between twin  wooden rollers, made from “peeler cores”and
with a gap  adjusted by low tension spring rollers, immersed in and coated by the  solution
of preservative (borax) so that light pressure is  applied to the veneer. A second set of “wiper
rollers” (to remove excess) is at the outlet end.
The semi-automatic roller controlled system ensures there is effective uniform
solution coating on the veneer and a  penetration through its thickness. Slight positive roller
pressure on the veneer enables a weaker solution to be used and aids in penetration. A feed
rate of about 24 m/ min. is used. The  writer established production could be approximately
doubled, with treatment still effective, by jointly  “feeding in” of two sheets, but ensuring
a “leading edge” is  present for one sheet. Problems of the earlier high surface levels of
preservative on  veneers were removed. Gluing aspects are examined in Chapter 10 and data
representative of treatments is shown in Tables 15, 16 (Chapter 8).
B.i.i.i. For veneers, manufacturing systems for handling veneer (previously cut,
or”clipped”, into individual sheets [2m x 1m], by a “guillotine”), changed to the “reeling”
of total log output from a lathe on a powered roller for continuous production. This enabled
a later development by the writer, in collaboration with  the industry, for application of
aqueous preservative by low pressure, coarse “spray jets”,   followed by “reeling” of the
veneer. This practice ensured sapwood was “reeled” as the first layers (treated) and thus
received effective pressure from successive layers of heartwood veneers. “Reels” were then
stored for preservative penetration and subsequent production. For process differentiation,
this was termed “Spray and Reel”.
Author’s Note; The Momentary Dip was successfully used at both research and
commercial levels for impregnation of  “green-off-lathe” veneers by low concentrations of
the multisalts to investigate the  effects of this process on surface deposits noted in vacuum-
pressure processes and as possible  alternatives to transportation to “off-site” vacuum-
pressure plants. Results were satisfactory, but use of higher  solution concentrations
confirmed surface deposits  were, for both processes, functions of species and of differential
absorption of CCA components.
B.i.ii. Dip Diffusion of sawn timber.
As commercially used, the principles of this treatment are examined  in Chapters 8, 10.
Studies were made over a series of trials with different  species and climates, but with
extreme variation in  results (Chapter 8).
Additional research and commercial, using light organic solvent preservatives (LOSP),
application was made on seasoned timbers in Queensland. Solutions of copper (and zinc)
naphthenate in mineral turpentine gave very good results (white spirits [lower aromatic
content] were less effective). Heavier solvents were not effective. Earlier studies of other
preservatives (aqueous, or oil based), such as pentachlorophenol, especially the sodium
salt, gave promise.  The latter salt was used mainly to apply an effective protective sapstain
B.ii. Sawn timber processes at atmospheric pressures.
To differentiate these from the conventional full-cell vacuum / pressure or “Dip
Diffusion “ types of process,  this group was described as “Open tank” processes. However,
dependent on a sub-process used, the treatment was often  carried out in closed chambers,
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or “vats”. For these, timber as a “stack” or “charge” and held by a restraint  (flexible), is
immersed in the preservative solution.   Most applications were aqueous, but some oil-borne
preservatives were applied by these processes. Some  general characteristics of this type of
treatments are cited next below.
The author demonstrates (Chapter 12) that total moisture  absorption is a function of
initial moisture content,  of density and of species, and applies to all processes.  Similarly,
a “salt gradient” (Chapters 8, 10, 11, 15) of preservative  occurs through the thickness of
treated timber. The steepness  of moisture gradient slope is a function of process,
preservative, species and of timber thickness. For most aqueous preservatives and species,
there is  absorption of water (wettability was a factor) into the anatomically identifiable
heartwood. That is not accompanied (Chapters 8, 12)  by any significant preservative
penetration, other than in surface tissues in that zone.
Re-distribution of the initial (preservative) gradient  generally occurs in post-
treatment air seasoning,  but not always in kiln drying.  The significant factors  involved are
time and the rate of moisture removal  from a board. High seasoning rates preclude a re-
distribution  of preservative salt. Certain processes, such as “cold soak”, make allowances
for this in schedules.
Re-distribution is important in North Queensland, where, for many months, air drying
is impractical in many areas  during a tropical “Wet Season”. Thus, for all “cold soak”
schedules  in those areas, the treatment times are accordingly  based on results as “ex-vat”
conditions with safety  factors applied. In other areas, a post treatment  seasoning is
nominated for the “cold soak” process. Other  processes are based on the “ex-vat” results.
B.ii.i. Immersion of the “charge” at ambient temperatures (and atmospheric pres-
sures).
Termed “Cold Soak”, but later including “Warm Soak” at a  minimum of approxi-
mately 20-25o C.(due to [initially boric acid] solubility  problems in colder climates), the
process involves “stacks” of sawn  timber boards, each separated by small timber “strips”
to enable a total access by solution. They are immersed for different  time periods,
dependent on  board thickness, with a general time of 7 days  for each 25mm, or part,
thickness. It is used when  production needs are not high. Initially, it was considered that,
as the principle  was that of diffusion, only “green” timber (Chapters 8, 12) could  be used.
Subsequent research by the writer (see text) showed timbers and products with moisture
contents below that limit could be effectively treated.
B. ii.ii.  Processes involving heat.
This group have added advantages in that;-
i. any existing active Lyctus infestation is effectively  sterilised.
ii. seasoning rates are significantly increased.
iii. “wettability”problems (Appendix 15) are reduced.
For these processes, heat stresses in some species,  caused by thermal gradients relative
to atmospheric  temperatures, could cause “end-splitting”. That class  of species was held
(refer Chapter 13) in a warm,  empty vat thus allowing restricted cooling to ambient
conditions. As that practice also removed stresses, reduced moisture gradients, it was used
for species difficult to season.
The treatments are divisible into two major sub-groups;-
B.ii.ii. (a) Hot Maintenance, or Hot Diffusion.
Here the wood product is immersed, fully separated by “strips”, in  solutions of
relatively high concentration  maintained at a constant temperature near  boiling point.
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Immersion periods range from 20  minutes for veneers (plate 1), up to several days
(dependent on thickness and species) but usually  12-24 hours for sawn timbers. This was
the first  commercial treatment for veneers. It was studied (see Chapters 8, 12) for possible
use for sawn timber but  was superseded by  other processes. It  was, however, economically
applied for special purposes.
B.ii.ii.(b). Immersion in solution, heating and cooling processes.
(b.1). The Hot and Cold process, of which three  modifications were developed.
(b.1.a). In the standard process, a “charge”,  immersed in a solution of preservative,
is heated  to an elevated temperature, at which it is maintained,  dependent on the schedule.
It is then cooled  under the solution for the temperature drop and time as prescribed by the
schedule. Initially, maximum temperatures of about  95+ degrees C. were used. The writer
was able  to show the critical minimum effective temperature  is 68o C. (approximated to
70o C). Plants operated over that lower range, enabling reduction  in heat stresses and
increased flexibility in methods of heating the solution.
Non-pressure systems (which did not require the use of  pressure steam boilers),
including electric heating, were  applied. A simple “Thermosyphon” plant was designed for
situations where alternate heating was unavailable.  That used sawmill waste, or oil, as fuel.
During the time of immersion (a function  [Chapters 12. 13] of density, thickness and
species) at the maximum temperature, some  water and preservative movement (but not as
solution absorption) takes place into  the timber. At the end of that “maintenance time” both
solution and charge were allowed to cool. For the preservative, and solution, the author
determined significant factors were temperature ranges of and  times in cooling. They were
functions of  timber species, density and the thickness.
Maximum absorption took place during the cooling cycles.
The initial theory was one of diffusion  and hence  there was a  requirement for only
“green” timber to be treated. Later evidence (see  text) enabled the author to confirm
(Chapters 8, 12, 13 14), to demonstrate and to quantify, that a partial “vacuum” and an
“atmospheric  pressure differential” existed within the timber. Concentrations of solutions
were significantly reduced. Subsequently, air-dried production (see text, Chapters 8, 12)
was  shown to be  successfully treated. An added advantage of this process, dependent
(Chapter  8) on the preservative, is in reduction of “wettability”  problems (Appendix 15)
occurring in some timber species. The process is highly effective and the author  used it to
test local species for the maximum possible absorption which may be achieved by  other
processes  including full-cell vacuum/pressure systems. For this process, some modifica-
tions involved accelerated  cooling, or a rapid change to cold solution. It was  essential (see
text) to ensure the “charge” did remain  below the cooling (or cold) solution for a prescribed
time (Chapters 12, 13) to ensure preservative absorption was complete or  had reached a
maximum. This depended on species and on  thickness. That restriction included the
“Steam/ Cold  Quench” process cited below.
(b.1.b) The Hot and Cold Quench process.
This varies from (b.1.a) above in that, after immersion  and maintenance times, the hot
solution was pumped off.  Cold (at, or near, the ambient temperature) solution was
admitted, under controlled conditions, in a sequence  such that, during change, the “charge”
is neither exposed nor cooled. Hence the boards do not absorb air and thus absorption is not
prevented or reduced. The hot solution is pumped into a second vat containing another
charge.
For effective, economic operation of the modification,  three sealable vats are
optimum. With the incorporation  of high speed pumping systems, capital costs are high.
Author’s note; a special application of this sub-process  was treatment of hot-pressed
plywood. Shortly after hot pressing and with precautions against cooling, the “hot”, dry
plywood, separated by strips, was immersed in a vat containing a low concentration of
copper naphthenate.
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The vat was  isolated (and ventilated) from the hot press site. A low concentration of
a chlorinated hydrocarbon  insecticide was incorporated for insect control. Special approval
conditions applied for that operation, namely;
i. supervision was by a graduate, experienced, chemist  with a background in oil and
solvent technology.
ii. prescribed safety (including operator) practices in  the plant.
iii. after treatment, all treated product was re-dried in  a low temperature, ventilated,
kiln system, where loss  of vapour to atmosphere was minimal and controlled.
(b.1.c) Due to high capital costs and critical plant  control in the former sub-process
(b.1.b), modifications were  made in that;-
i. cold solution is pumped in to blend with the hot,  thus giving a rapid cooling rate, but
avoiding the  critical need for close control to prevent aeration.
ii. The hot solution is circulated through a closed  external cooling system such, while
a charge remained covered by solution,  an increased rate of temperature drop is achieved.
Precautions in time of “soaking” are required as for  above processes. This modification is
also used for oil-borne treatments.
(b.2) The Steam/ Cold Quench process.
As originally developed (Young, 1946d), this process was an  adaption of  the
principles as used in kiln seasoning systems (Appendix 11) for  “Reconditioning”, or
“Stress Relief”, of sawn timber. With close   co-operation by the North Queensland industry,
it  was initially intended for treatment of low density, or total sapwood,  species such as
white cheesewood, Alstonia scholaris.
In the process, the  charge is  steamed, using “wet”, low pressure, steam to heat the
boards and thus expand the contained air. An optimum  of 85o C. was used, with time a
function of species density  and thickness. The minimum critical (see above) value  of 68oC.
was shown to apply. Subsequently, cold aqueous preservative solution is rapidly pumped
into the chamber and the charge “soaked” under the solution for times  which are a function
of  timber species (see below) density, moisture content and thickness.
Similar to other processes, studies showed a need to  prevent preliminary cooling and
aeration of boards. This problem  was overcome by an amendment in plant design so
injection of the steam  (steam lines were initially only above the charge [some were below,
but were changed]) was not only from above, but vertically beside (on walls) the “charge”
and so continued  until the solution covered all timber (including a top liquid volume for
absorption).
Initially, only treatment of low density species of Group 1 (Chapter 12), such as white
cheesewood, Alstonia scholaris
application to South Queensland with a wider range in species of medium air-dry densities
and greater flexibility in wood  moisture content ranges but which  was inter-related to
species. Yellow carabeen, Sloanea woollsii, is (with site variation effects) the heaviest
species treated over FSP by this process.
B.ii.iii. Vacuum/ Pressure processes (full-cell).
Initially, conventional vacuum / pressure systems and  cycles, as operated in a number
of overseas countries,  were adopted. Both plants and salts were supplied by  proprietary
organisations.  Due to contractual clauses in plant supply agreements, only copper-chrome-
arsenic (CCA) formulations were used for early plants, but tripartite consultations  (plant/
preservative suppliers, Queensland Forestry, and industry) led to preservatives,  additional
to CCAs, being agreed to by the salt suppliers for  plant usage, especially for rainforest
timbers. It  applied to all three systems described here. Use of boron salts (Chapters 8, 10,
12) significantly reduced industry  costs. It concurrently increased both effectiveness and
efficiency of treatment.
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Certain assumptions, made by some overseas suppliers,  or some research workers,
related to plant designs,  cycles and absorptions. These were based on relatively treatable
species and on cool climates, conditions not generally  applicable in Queensland. Following
on problems (see text), including economics,  but which were primarily  caused by large
variabilities in both the treatment practices and  control results, the author’s research led to
use of  several alternatives (see text). Including  the original process, the three are as
hereunder.
iii.i. Conventional full-cell process.
A loosely bound “bundle” in a restraining carriage,  termed a “bogey”, is placed in a
cylinder. Timber is required to be treated below fibre saturation point (FSP). A vacuum (of
about 100 torr) is applied for a short period (about 15-30 minutes) and the preservative
solution is then  rapidly admitted under vacuum suction, resulting in falls of vacuum levels
within the cylinder (and timber) such that the final level generally falls to about  150 torr
and with air uptake shown (Chapter 14) to occur internally within the timber. Valves are
closed, other than through a pressure pump.
Positive solution hydraulic pressures, to approximately  1400 kPa, force solution into
the evacuated timber, during which absorption of  solution, measured as litres per ten
minutes, takes place until “refusal” is reached. At the end of the  “gross absorption”, pump
pressure is released to atmospheric. A measurable “kickback” is obtained (Chapter 14). The
charge is then “dried” under a final vacuum and residual liquid , with “kickback” (at a lower
concentration than the initial treating solution), is pumped back to calibrated storage tanks.
The  “nett” absorption is calculated with equivalent salt retention.  Total cycle varies up to
3-4 hours.
iii.ii. Modified Vacuum /Pressure systems.
Extensive research (Chapters 10, 11, 12, 14) showed that, particularly for local
hardwood  species, and climates,  conventional systems, and practices, required certain
modifications. These included;-
(a) extended times under vacuum for local species.
(b) changes to effective levels of applied vacuums.
(c) rate of flooding of solution under vacuum into a  cylinder must be controlled so that
the levels of vacuum  did not fall. “Kickback” was reduced.
(f) Changes to plant design in terms of vacuum pump  capacities, pipe diameters,
installation of  cooling systems for water-sealed vacuum pumps as then supplied.  Shade and
cooling, particularly for the cylinder, to reduce the operating temperatures of treatment
were effective in increasing plant efficiencies.
The treatment cycles were amended to meet these changes.
iii.iii. The Vacuum/ Pressure Diffusion process.
To ensure the preservative treating industry had full access to  the system without
additional cost to the end- user,  this process was patented (Plate 5, Chapter 14) by the author
and his  co-inventor with the rights vested in the Conservator of Forests. Briefly (Chapters
8, 14), this process;-
(a) continued application of vacuum to the charge  under preservative solution, using
levels of applied vacuum and times of continued  application with other  parameters as
derived in Chapter 14.
(b) significantly reduced the time at pressure to  obtain maximum solution absorption,
reduced total  cycle times, reduced “kickback” and aided wettability.
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(c) enabled treatment of timbers at higher moisture content,  evaluated (Chapters 12,
14) the “Stable Green” moisture content. It related suitable moisture contents to timber
species, types of and levels  of preservative treatment required.
(d) increased efficiency, stabilised costs, enabled  the effective treatment of local
timbers.
For “week-end” (or over-night) schedules, the writer found an  effective treatment for
building timbers could be  given by the initial vacuum cycle as above, followed  by
“steeping” under solution, after release of vacuum, in the cylinder for in excess of 12 hours.
All of these modifications were independently tested by a  number of organisations,
by the industry, CSIRO, by salt and  preservative plant suppliers and by the vacuum pump
suppliers. All these tests confirmed  the research (and industry application) results and all
groups endorsed the use by the industry, including in overseas countries.
B.ii.iv. Light Organic Solvent vacuum plants.
An automated plant (commercially supplied) using vacuum cycles (a lower  level of
vacuum, due to solvent), was used for LOSP impregnation of mainly softwood products.
B.iii. Special Treatments -Plywood Gluelines.
Though not approved under either of the State Acts (TMA, 1946, or T.U.P.A., 1949),
the author deems  it desirable to indicate applicability of these treatments in this Appendix.
Theoretically an insecticide, or fungicide, is added  to a liquid adhesive, which is applied
to veneers  and these are “pressed” into plywood. Many reports were issued, particularly
by  workers (Division of Forest Products, CSIRO), typified by Tamblyn (1946), Tamblyn
(1973, 1974) advocating its use. Da Costa (1969, 1971) discussed use (up to 12-15% by
weight of liquid synthetic resin adhesive) of chlorinated phenols. He considered insect
control  may be possible,  but stated treatments did not give adequate decay control.
Commercial trials in Queensland were made of;
i. gammexane (benzene hezachloride) in casein adhesives in cold pressed plywood
(with low temperature seasoning) was  exposed in Melbourne and Brisbane. The results
were not  conclusive. Renton (1951), Wade (1956), made reports  on local exposures. The
latter showed plywood, containing a high level of  gammexane at treatment, was severely
attacked. Similar material in  Melbourne was not attacked (Tamblyn and Gordon, 1950).
Study of  chemical literature (confirmed by local analytical evidence) showed that high
alkalinities, present in the casein glues, cause chemical degradation of gammexane.
ii. In 1969-70, at the request of an Ipswich plymill firm  (with industrial union
agreement for a trial), the author  tested use of sodium pentachlorophenate (10% m/m of
glue) incorporated in synthetic resin adhesives. The tests covered supervised commercial
trials in which  hot pressed plywood was manufactured.
Major health hazards (fumes)  were found. Local workers and unions were adamant
its  use was unacceptable. The plymiller, the Forestry Department and   Health Services,
were in full agreement with that conclusion. Independent analyses by the author’s
laboratory, Government Chemical Laboratory (representing the  State Health Department),
Wood Technology Division  (N.S.W. Forestry Commission) confirmed that “nil” to  “trace”
concentrations of the preservative were present in veneers tested  from plywood manufac-
tured in that study.
Under the Acts (Chapter 2), as no authority, particularly entomological, would
nominate maximum veneer thicknesses suitable for this process,  no approval was given.
One reason was in the definition  (Chapter 2) for susceptible timber of the need for presence
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The reader is referred to Chapter 7, where, in terms  of Lyctus treatments under
T.U.P.A. (1949), legal exemption was given for machine dried, hot pressed, plywood.
The author, as departmental representative on the Standards Association Drafting
Committee, had agreed,  as did the New South Wales representative for similar reasons,  to
the inclusion of insecticidal glueline treatments in (earlier and current) issuances of the
Australian Standard AS 1604-1980. That document makes specific references (and exclu-
sions due to) to both State Acts and thus it was applicable to other Australian States and
Appendix 15.
TIMBER “WETTABILITY”, ASSESSMENT PROCEDURES, SURFACE
INACTIVATION AND THERMAL EFFECTS
In Chapter 8, the writer has stated that “wettability” is  a very significant factor in
penetration of a liquid  into timber, with primary relation to preservatives.  He included it
as a special case of timber “Reactivity”.   The “wetting” of timber is appropriately discussed
in  terms of sapwood as differences between that zone  and the heartwood, are some common
causes of “wettability”  problems. The topic is very important as it applies, not only  to wood
preservation, but to all aspects where any liquid, solution, or wet film, is applied to timber.
Though emphasis in this thesis is on aqueous  solutions to which the wettability tests
described  apply, it is stressed by the author that this is  not restricted to water as the solvent.
Test methods include those where two dyes, or indicators (or reagents), are dissolved in the
relevant solvent and the solution is applied to the timber substrate. Similar tests can be
demonstrated for mixed (eg. oils) solvents, using the  same principles  as for the relevant
solvent. For liquids, a number of factors, including the surface tension, viscosity and pH,
were important.  Liquid polarity was critical.
Beginning in early post-war developments, problems,  applying over the full spectra
of timber utilisation,  led the author, initially as a Wood Chemistry project,  to investigate
suitable assessment  methods. Expansion  of its scope is illustrated by rapid changes in
painting systems (including from oil-based to water-based emulsion formulations), in wood
finishing, gluing, seasoning and in preservation. Tinbers, such as spotted gum, tulip oaks,
(red tulip  oak is least affected of the group), rose mahogany,  slash pine, western cypress
pine, Crow‘s ash and N.  silky oak, this last dependent on its source, illustrate  the extremely
wide lists of species affected by this  aspect of use. Factors emerging, as results of this
research, showed for timbers, causes involved wood structure and  permeability, exudates,
extractives and they were  reasons for the writer to include this as a special case of reactivity
(Chapter 8).  Timber wettability is significant for aqueous solutions.
As a common feature in timber research, “wettability” of timber substrates illustrates
there are penetration differences found between water phases, eg. the liquid, or vapour,
phase, when compared to the permanent gases.  Temperature plays a role along with other
factors below.
“Case hardening” or “Surface inactivation”.
This is a special cause of “wettability” problems.  Physical results of seasoning, such
as the reduction in  the outer surface moisture content, can cause “case  hardening” (Wise,
1946) of which the term, now preferred by CSIRO, is “surface inactivation”. It is stated
(Wise,  1946) to be caused by chemical cross-linkages and, in the  wider context, results in
“stressed-skin” effects  of the surface layers. If this is consequent on excessively high
seasoning rates, it may be removed, or relieved, by the  “wet steam” procedure termed
“Reconditioning”.
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Development of method to test timber wettability.
(a). Wettability phenonema, attributed to a “surface  inactivation”, caused problems
in the  gluing of veneers  by synthetic resin adhesives resulting in the development by Dr.
De Bruyne (Aero Research Ltd.  U.K.) of a chemical test for that condition. He later supplied
(private communication, n.r.) a copy of  the test (cited in Part 1 of this appendix) for use by
this author, who initially applied the  “wettability” test, as  developed, for local gluing
problems. Modern surfactants, now commonly in use for any  wettability problems, were
not available until the mid 1950 era. Extension of range of difficulties in industry due to,
or the many causes nominated for, “wettability” problems led  to progressive research by
the writer, with  the first  requirement being a reliable (including field) evaluation technique.
As occur in many wood problems, thermal, including  ambient, relationships were present
and thus any test  methods needed to involve a way to correlate this  parameter to results
and for interpretations of  possible causes. There was need to distinguish between
temperature,  or steam, effects, between volatiles such as essential oils, to temperature labile
and including temperature mobile  constituents in wood.  Analytical, or spot, tests for field
estimation of starch or boron salts are other examples.
Accumulated evidence suggested De Bruyne’s test may be expanded and modified to
enable a quantification of the range of  causes of “wettability” problems, which appeared
to  be both chemical and, or, physical in their origins. Assessment of difficulty of
“wettability”, as based on  De Bruyne’s adhesion test, illustrates extension,  by the writer,
to additional applications of a number of test procedures. The writer found this was
practicable and the extended, modified, test procedure is described  in Part 2.  All of the
techniques and possible causes, concurrent with development, were confirmed by labora-
tory methods,  including procedures such as Soxhlet solvent extraction (AOAC, ASTM),
subsequent to each evaluation. Microscopic studies  of liquid drop behaviour on application
were of  considerable help.
Part 1. The initial “wettability” test for gluability.  (after De Bruyne).
Procedure in Part 1., which were based on that worker’s recommendations,  had been
modified by this author for local species and conditions. The test is dependent on separation
of the two dyes, consequent on wetting  of and penetration of veneer (or timber) by the
solution. The  result is a chromatographic effect. If neither effective wetting nor penetration
of the veneer (timber) occurs, a separation of the dyes does not take place.
Preparation of test reagent solution.
1. Methylene Blue             0.07 parts by weight.
(“stain” grade reagent)
2. Aniline Sulphate, A.R.     0.50 parts by weight.
3. Distilled Water            100 parts by weight.
The reagents are weighed and dissolved in distilled  water. The pH is adjusted to
approximately pH 3.5,  using dilute sulphuric acid. De Bruyne advised effectiveness of “the
formulation is  somewhat dependent on local temperature and humidity and, in hot, humid
climates, saturation of the solution  with the aniline sulphate may be necessary”. Applica-
tion was originally by pipette, or a “dropping bottle” (as used for indicator addition).
(Note; Subject to usage times after formulation, advised precautions were   not  critical
for local conditions. Results, using  the higher level of aniline sulphate, were not
significantly different to the formulation).
The solution is stored  in glass, but use from plastic, such as a washbottle  with a fine
controlled jet, was found to be a satisfactory alternative means of addition, as a drop, to test
Method of use (as originally used for gluability test).
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a. Using a dropping bottle (see the use of plastic wash  bottle with a fine jet), a drop,
not exceeding 2-3mm  in diameter, is carefully placed on the veneer, taking care to ensure
the drop is not “spread”. If  this does occur, a false result may be given by some dye
separation.
b. The drop is observed for approximately one minute,  (see following note). Then;
b.i. If there is difficulty in wetting, the drop will  lie on the surface, remaining as the
intense, original  blue colour. In some cases, a slight penetration may  occur, accompanied
by “bluish-green” streaks along the  grain. These streaks are disregarded.   or;-
b.ii. If wetting is effective, the drop will penetrate  the surface and separate into the two
component dyes.   The result is seen as a blue (or bright green) zone and  a distinct yellow
or an orange zone. The effect is species dependent relative to reaction  time (Note: for  most
Queensland  veneer species, times of 10-15 minutes and higher were  required). The yellow
phase fades with time.
Part 2. Modified “wettability” test procedures.
Reagents.
A. Dr. De Bruyne‘s wettability reagent and which is termed  Solution A.
B. Solution A, plus approximately 0.01% (level not  critical) of a non-ionic surfactant.
C. Alcoholic solution of dimethyl yellow indicator.
D. Freshly filtered solution of a multisalt (CCA)  preservative (concentration, eg. 3%
m/v, not critical).
E. Solution D, plus wetting agent as in Solution B.
F. 1% solution of sodium hydroxide.
Procedures for test on timber or veneers, round posts or  poles, timber products.
i. Apply a drop of Solution A to a  test surface and (at a separate surface site away from
solution A ) a drop  of solution D, by a pipette, or dropping bottle (or fine jet wash bottle).
Examine the penetration and change of the two drop forms for up  to 30 minutes (note the
increase of time compared to veneer tests).
2.1. Results-
Solution A.
(a) If rapid (typically in less than 10 minutes after the application, see times above)
penetration of solution A is satisfactory, as  shown by separation of the two dyes, the
material is “wettable”.
(b) If no penetration occurs within 10 minutes, but  does so within 30 minutes, the
material is dificult to wet.
(c) If penetration does not occur within 30 minutes,  it is considered that the material
is commercially very  difficult to wet. (Note: tests on some Queensland species  showed
penetration time up to 48 hours may be required).
Corresponding measurements and assessments are made for Solution D applied as
xxxi
above.  Due to the lower pH, (about pH 2), penetration rates of D are  reduced. If a poor
penetration results, subject to  tests as in 2.2, this indicates there may be chemical reactivity
of the wood constituents with CCA salt components.
(d). If penetration in i. is difficult, repeat the tests   by separately using Solutions B and
E. If effective, the penetration should occur within 2-3  minutes.
2.2. To determine basis of wettability problems.
The following tests and evaluations are made.
2.2.i. The wood surface is coarsely scraped or roughly  sanded.  The above tests are
repeated, with progression  in depth into the test material (dependent on result) to 5mm
depth. If an  effective penetration occurs, the cause is “surface  inactivation”.  In hot, dry
climates, the surface inactivation can be a result of high ambient temperatures and low
humidities.   Laboratory tests for thermal relationships in service are given  below.
2.2.i.ii. Remedial treatments.
For commercial operations, remedial treatment, using  “wet steam” practices, is
advised. If facilities are  not available, suitable alternatives found effective, are;
a. Application of steam by a portable generator (as used  by automobile garages for
steam cleaning of vehicles),  followed by block stacking, or by coverage with a  tarpaulin,
b. Water spray, followed by block stacking, or covers.
c. Pre-treatment, using borax, by the “Hot and cold”  process. This also effectively
removes, or reduces,  problems caused by other reasons such as chemical.
These are followed by a mild seasoning schedule.
Under laboratory conditions for small specimens, a small steam generator  is used,
followed by storage of samples in a desiccator (with a humidity solution) where they are
allowed to equilibrate to a nominated moisture content.
In certain species, cause may be due to resin acids,  to temperature labile, or mobile
(additional to essential oils), compounds which migrate to the surface by heat.
2.2.ii. If surface scraping is ineffective, apply a drop of  Solution C to the surface, and
then, as a separate test,  conjointly with Solution A. If penetration is then  achieved  by both,
the cause is generally associated with “greasy”  extractives in wood.
2.2.iii. Apply Solution F to the test surface, followed by (with 2-3  minutes delay) a
drop of Solution A. If the latter  now shows penetration, the cause is chemical in origin, by
such as fatty acid compounds.
From a commercial aspect, for most Queensland species, an  application of Solutions
B and E, as described, have  been effective tests to determine if adequate wetting  by water
based preservatives will occur, other than  for species which react with multisalt compo-
nents. For local conditions, for “wettability” problems, addition of low concentrations of
a (non-foaming) non-ionic  surfactant has been effective in preservation treatments with
CCA multisalts.
2.2.iv. Tests for thermal influences.
If evidence suggests thermal, eg. ambient, conditions influenced results, this may be
confirmed by;
a. an untreated specimen is heated by an infra-red  lamp, or in an electric oven, to
temperatures of  values given by a test under service conditions,  described in Part 3. If data
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is not available, heating  should be over the range of 60o to 70o C. Heating (using separate
replicate specimens) should be carried out  for time intervals from 30 minutes to 24 hours.
They are removed, cooled and tested for wettability. Matched, unheated control samples are
compared, by tests,  to the heated specimens. When studies are desired without a significant
change  in the moisture contents of specimens, a water cell is included.
Part 3. Measurement of exposure temperatures.
In general, a thermal effect is caused by maximum value of, or time of exposure at, a
temperature.   These are generally not adequately quantified by  conventional units, such
as mercury-in-steel recorders, and more effective, accurate, means in the field are by;
3.i.a. Maximum values.
a.i. Thermotubes.    These are narrow, temperature sensitive, impregnated  paper strips,
sealed in small glass tubes, calibrated  for a specified temperature. As they are sealed, they
are unaffected by chemical agents. The strips, identified on  the glass tube, change colour
(not reversible) at that temperature [usually +/- 1-2o]. Thermotubes are usable under wide
The author would assemble a  series (increments in range above, and below, the
anticipated value)  mounted on electronic “tagstrips”, for service exposure studies. They
included variations in position  in a “stack”, or a treatment plant, or seasoning kiln.  They
were also  used in testing of heating systems and drying ovens, or for  surface exposures such
as in timber stacks, surface ranges of temperature on vacuum pressure cylinders, or on
exposed surface coatings, eg. paints or finishes.
a.ii. Thermocrayons.
These are colour sensitive to temperature but, with each having a specific range
(accuracy about +/- 10 degrees), they were not as accurate as thermotubes. They were used
by marking the surface (vertical or horizontal) of boards, cylinders, storage tanks, vats or
vacuum pumps to test temperature ranges present. As with thermotubes, the writer used a
range of thermocrayons in assessments.
b. Variable temperatures.
For these, thermocouples are used, generally as a “bank”  to give coverage over a range
to be measured. These were connected to  a recorder, either multi-switched, or to a multi-
pen chart.  Using embedded thermocouples, or ones distributed through a “stack”,
comparison with surface contact thermocouples  gave a thermal correlation to ambient
conditions. Disadvantages  of many commercial thermocouples lay in sensitivity to the
media, including corrosive, to which they are exposed.
Appendix 16.
RELATIONSHIP BETWEEN VESSEL COUNT (20mm2) AND VESSEL
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DIAMETERS (MICRONS) OF 27 AUSTRALIAN SPECIES (a)(b).
No. Species (1) Vessel count Vessel dia.
per 20mm2 (microns)
Min. Max. Min. Max.
1 Acacia dealbata 90 130 170 225
2 Aleurites moluccana 40 70 195 265
3 Angophora lanceolata 90 200 175 250
4 Cedrela toona var. 60 80 235 340
australis
5 Embothrium wickhamii 60 120 175 225
6 Ficus macrophylla 50 60 135 265
7 Grevillea robusta 90 110 205 270
8 Litsea reticulata 150 220 175 230
9 Orites excelsa 250 350 105 129
10 Panax elegans 500 800 79 107
11 Schizomera ovata 250 450 80 111
12 Brachychiton acerifolius 70 90 180 215
13 Argyrodendron peralatum 100 140 200 235
14 Eucalyptus accedens 370 580 110 150
15 E. bancroftii 130 230 125 170
16 E. corymbosa 100 200 180 235
17 E. crebra 320 590 125 150
18 E. diversicolor 100 180 315 380
19 E. dives 110 200 180 290
20 E. gigantea 70 160 275 360
21 E. maculata 70 155 210 320
22 E. microcorys 100 200 220 320
23 E. obliqua 70 150 205 240
24 E. paniculata 175 355 135 150
25 E. pilularis 100 200 240 380
26 E. regnans 70 160 260 385
27 E. tereticornis 180 300 155 255
Notes;
(a) All species recorded as showing Lyctus attack.
(b) after Dadswell et al.( Dadswell, et al.,1932, 1934, 1935) and Cummins and Wilson (1934)
(1) Nomenclature revised in terms of AS 2543—1983.
Appendix 17
DATA ON THE COMMERCIAL STABILITY AND PERFORMANCE OF
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WOOD    PRESERVATIVES. PLANT CONTROL OF BORON SALTS.
Table 28
Suitability of preservatives relative to nominated usage criteria.
preservative criteria (as cited in text) (x)
1 2 3 4 5 6
sodium fluoride a l,r r r n p
boric acid a s,l r s n vg
borax and its
homologues b s,l vg vg vg vg
CCA salts c s,l r r n s,m
hr
hydrocarbon c s,l g g n* s,m
emulsions hr
copper naphthenate c l g g na s,m
pentachlorophenol c vr r r na m
(oil solvent) hr
(x) explanatory codes;
a  = refer Chapter 9.
b = cf. Chapter 9, some theoretical differences but accepted as equivalent (and confirmed) to boric acid.
c  = refer Chapter 9 re agreement by Conference, also see AS 1604-1980.
p = poor, due to acid ph (ph 5-6) required use of alkaline buffers (see text).
s = satisfactory.
r = restricted to special materials in construction.
g, vg = good to very good performance.
n = not suitable.
n* = used with low levels of fungicides.
na = not applicable
l = restricted, for example, fluoride and boron salts not suitable for exposed service. See text.
vr = major restrictions (research required) in uses, for example re paints and finishes. See text.
m = special control methods.
hr = health restrictions in products, control or use.
TABLE 29.
Variation of preservative “core” concentration along the length (1) in 25mm thick-
ness sawn boards of Alstonia scholaris. (a) - preservative treated by boron salts
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board number of core analysis s.d.
number positions % boric (2) (3)
(b) mean range %
1 12 0.99 0.68-1.36 0.25
2 12 1.30 0.91-1.81 0.31
3 12 1.04 0.83-1.36 0.16
Notes ;-
(1) Cokley (1950).
(2) as % boric acid on o.d., m/m basis.
(3) as % boric acid.
(a) a separate evaluation of “between board” variation made —see Table 30.
(b)  sampled such that no “end-grain effects” were present (see text).
TABLE 30
Variation in analytical “core” concentration, sampled at
standard positions, between 25mm thickness boards of
Alstonia scholaris, treated with boron salts (1)
position number of core concentration s.d.
in board. boards. % boric acid (2) (3)
sampled mean range %
D 7 0.98 0.54-1.36 0.23
G 7 0.94 0.54-1.17 0.23
K 7 0.93 0.49-1.27 0.23
notes ;-
(1) Cokley (1950), also see Table 29.
(2) as % boric acid on o.d, m/m basis.
(3) as % boric acid.
TABLE 31
Variation in “core” analyses within a “charge” (1) of
a single species of treated timber. (Cokley, 1952).
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series species no.of core analyses (2)
proc.(a) (b) samples mean range s.d.(3)
1 pink poplar 21 1.11 0.21-2.10 0.70
H.& C. Euroshinus falcata.
2 brown tulip 15 0.47 0.22-0.75 0.17
H.& C. oak.
3. brown tulip 17 0.22 0.12-0.30 0.047
S./C.Q. oak, Argyrodendron trifoliolatum.
notes;-
(1) Charge is unit volume of timber (m.3) treated.
(2) random position in board, at least 450mm from end. Random angle of cut.
(b) species as per AS 2543—1983.
(3) Results as % boric acid, o.d. m/m basis.
(3) s.d. = standard deviation.
(a) H. & C. = hot and cold process.
S./C.Q. =  steam/cold quench process.
N.B. These results are representative of a much wider series of experimental data.
Table 32
Variation in “core” analyses between commercial “charges” of brown tulip oak
Argyrodendron trifoliolatum
charge no. of “core” results (2)
no (1) samples (3) mean s.d.(a) c.v.(b)
1 15 0.47 0.25 53
2 16 0.49 0.23 47
3 23 0.75 0.41 55
4 7 0.28 0.17 60
5 6 0.59 0.14 24
6 6 0.59 0.27 46
7 5 0.38 0.06 16
8 6 0.29 0.12 41
notes;-
() separate charges, treatment process conditions uniform within normal commercial tolerances.
“charge”  volume approx. 11 m3 of 25mm boards. (2) results as % m/m. (o.d.) boric acid. (3) samples of
random angle of cut.(a) s.d. = standard deviation.(b) c.v. = coefficient of variation, calculated as c.v.==
(s.d./Mean) as per cent.
(n.b.)  Author’s note; data in especially Table 32, but inclusive of Table 31, also formed part of the
writer’s studies on source, density and thermodynamic influences on preservation of timber. Brown tulip
oak data in this table relates to and is especially associated with the reference to variability of this
species with source and influences of “wettability” (Chapters 3, 8). The plant, where these measurements
were made, drew supplies from areas up to 300 -400kms from Brisbane, thus allowing
evaluation of differences. That evidence was separately confirmed and developed at a range of different
plants.The author deems it preferable it should be included in Chapter 10 to reinforce stated
relationships (cf. text) between plant control and his research into fundamental parameters.
TABLE 33
Summary of correlations of analytical ratios (1) and salt usage (as boric acid
equivalent) by open tank processes.
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process no. of correlations (2) (b).
(a) plants          ratio           ratio of         average salt
tested av.           X-section / core % usage
core/ av. min. m/m. Kg/m3
min. core core (3) (3)(x)
H.& C. 4 1.90 2.19 4.16 0.47 8.45
S./C.Q. 4 2.00 2.08 4.16 0.37 6.53
sub-mean 1.95 2.14 4.16 0.42 7.49
Group 3, 4  eucalypts with lower percentage of
sapwood in average charge 5.85
Cold Soak   (higher solution concentration)
2.1 2.1 + 8.3
overall mean usage 7.54
notes;-
(1) all analysis as % m/m boric acid on oven dry basis in starch positive timber.
(2) correlated from plant records on basis of 25mm thickness board. Chemical analyses based on six
boards (starch positive) per charge. General species— Treatability Groups 1, 2A, 2B.(3) borax used,
expressed as equivalent boric acid.(x) when extended to eucalypts of group 3, 4, for the same order of
retentions and ratios, sapwood in average charge, approximately 30% lower than for the above.
Corresponding usage rose for cold soak due to higher solution concentration than other processes.
(a) processes H.& C.== hot and cold process. S./C.Q.== steam and cold quench. (b) av. = average,  X-
section = total thickness. core = central section of board— see Diagram 1. min. core = lowest value of
six samples analysed. av. core = mean of six samples.
Table 34
Summary of variables examined in plant control studies relative to preservative
concentrations in timber.
item details units results
(1)
1 total water usage litres/m.3 n.s.
2 total preservative as in 2a. and 2b. below.
2a. salt usage/ timber kg/m3 s.
volume
2b. salt usage/ water kg/ kilolitres n.s
volume usage
3 angle of cut (2) s
notes;-
(1) significance of statistical correlations, related to mean charge (six specimens)  “core” analyses.
(2) refer AS01-1964 -backcut and quarter cut.
TABLE 35
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Relation of preservative (boric acid) and solution volume usage in hot and cold
process in treatment of timber (1) (2) and its use in plant control.
A-preservative B-water C-preservative (a)
Kg/m3 L/m3 to water, Kg/103 L
n class n class n class
(2) mean(3) (2) mean(3) (2) mean (3)
11 4.11 6 76.8 19 16.9
64 8.77 10 159.36 45 25.7
48 14.88 19 259.2 50 35.8
9 21.5 40 349.4 12 44.8
2 32.26 30 445.4 5 53.6
- - 27 529.9 1 64.0
- - 2 672.0 2 76.5
means 11.78 372.89 32.02
(over total charges)
equiv. 11.93 370.49 31.59
(c)
notes;-
(1) total charge capacity 11.82 m3 (5000 s.ft.)
(2) n = number of charges in each class (total=134)
(3) class mean (expressed as respective units);eg. for class range of 5-11 Kg/m3, the mean was
8.77 Kg/m3, based on total charge volume.Similarly for water usage and preservative/ water
volume usage.
(a) total preservative and water used for charge.
(c) equivalent salt Kg/m3 calculated from columns B, C.
Water L/m3 calculated from columns A, C.
Salt Kg / kilolitres calculated from columns A, B.
Salt usage correlated from total stock usage from storage data.
See text on plant control-salt/water reconciliation.
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PLANT CONTROL DATA (INCLUDING INITIAL) - CCA SALTS USED
IN VACUUM PRESSURE SYSTEMS UNDER QUEENSLAND CONDITIONS.
Table 36
Summary of CCA penetration in sawn spotted gum,
E. maculata  (after Wilson, 1962)
item component salt N.D.S.R.
(no % m/m (1) % /total(1) kg/m3
samp.) Cr Cu As Cr Cu As (2)
theoretical ratio (3) 45 35 20 15.994 *
nominal soln. conc.  4.97 % m.v. (x)
X-section retention.
(20) 0.95 0.65 0.47 45.7 31.6 22.7 20.16
total
salt  (a) 2.07
“core” retention (b).
(17) 0.55 0.50 0.30 41.4 36.8 21.8 12.64
total
salt (c) 1.35
ratio of “core” to X-section.
% 57.9 76.9 63.8 90.6 116.496.0 63.7
notes;
(1)  Cr = potassium dichromate Cu = cupric sulphate pentahydrate.As = arsenic pentoxide dihydrate.
(these were manufacturer’s nominal components) (2) * Theoretical nett dry salt (kg/m3) based on solution
uptake  and nominal concentration % m/v.Comparative data added by this author. X-sect. and “core”
values based on retentions.  (a)  Total salt % m/m. full sapwood depth.(b) core - sapwood depth less 9mm
surface.(c) total salt % m/m. “core” depth. (3) AS 1604-1980
Table 37
Analysis of variance of analytical data (Wilson, 1962)
[Table 36] between crosssectional and “core” retentions.
component significant diff. level (a)
% m/m. salt bal.*
pot. dichromate 0.01 0.01
copper sulphate 0.01 0.01
(pentahydrate)
arsenic pentoxide
(dihydrate) 0.01 n.s.
total salt 0.01 -
N.D.S.R. 0.01 -
—————————————————————
* salt balance.
(a) statistical difference significance level.
Table 38
Errors in reconciliation of CCA stock usage/charge usage
based on initial control procedures (vacuum / pressure).
xl
month calculated stock diff. %
number usage (kg) usage S-C error
C (a) S (kg) (1) (2)
1 579.55 706.36 +126.82 + 17.95
2 330.91 402.27 +71.36 + 17.74
3 296.36 466.82 +172.48 + 36.5
total 1207.82 1575.45 +368.64 +23.40
notes;
(a) calculated on solution uptake and on starting  concentration (unfiltered, by hydrometer) for each
charge (Cokley and Smith, 1965).
(1) stock usage - calculated usage from storage, including solutions (kg).
(2) based on stock; positive errors.
TABLE 39
Correlation of CCA stock and charge usage calculated on
change in the total salt in solution before, and after,
treatment ( Cokley and Smith, 1965).
period stock calculated diff. % error
months usage charge (x) (S- C) D / S
S usage, C D
6 2833 2865 - 32 - 1.1
1 491 497 - 6 - 1.2
1 623 669* - 46 - 7.3
total 3947 4031 - 84 - 2.1
notes: (x) all data in kg - (cf. Table 38).* apparent high error due to “sludge” formation due to hard
water and high ambient temperatures.
Table 39a.
Diametric variation of the CCA retention in treated
hardwood poles (mean of 12 poles)
diameter retention kg/m3
section section concentration  ratio
(1) cross core c/x
(x) (c)
A 16.33 12.30 0.75
A1 14.33 11.59 0.81
B 19.44 14.47 0.74
B1 14.36 11.74 0.82
overall
mean 16.19 12.56 0.78
notes;(1) sections A, Al, sapwood zones on diameter A-A1.     Sections B, B1 on diameter B-B1, 90
degrees to A-A1.(x) cross-section (total thickness) of sapwood.(c) Core -see text- of sapwood, after
removal of outer zone.
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VARIATION OF CCA COMPONENTS IN TREATMENT SOLUTIONS UNDER
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COMMERCIAL OPERATING CONDITIONS IN QUEENSLAND.
Table 40
The mean component ratios and standard deviations of CCA
salt formulations (in solution) as used under continuous
commercial conditions in Queensland.
plant component ratio (% of total salt)
hexavalent copper arsenic
chromium(1) sulphate(1) pentoxide(1)
% actual s.d. % actual s.d. % actual s.d.
1 45.59 2.40 21.56 2.68 32.84 0.41
2 42.46 1.30 23.54 1.65 34.00 1.48
3 44.81 3.49 22.39 1.88 32.80 3.43
4 44.39 1.93 23.94 0.38 31.63 2.14
5 45.17 0.43 24.05 1.58 30.78 1.99
6 43.96 1.35 25.65 1.93 30.39 1.73
7 42.01 4.13 23.61 2.70 34.39 6.66
8 46.57 5.24 22.21 2.40 31.75 8.04
9 44.67 2.96 22.72 2.58 32.60 5.29
10 43.75 2.23 21.68 1.87 34.57 3.81
11 45.89 2.92 23.93 0.69 30.19 3.59
12 48.10 1.86 23.62 1.26 28.29 2.77
13 39.26 1.01 31.63 1.26 29.11 2.15
(a)(2)
notes;-
(a) plant 13  used a different salt formulation.
(1) For plants l-12,
% -nominal potassium dichromate    39% (40%)
cupric sulphate         22.4% (32.0%)
arsenic pentoxide
dihydrate               37.3% (26.25%)
(2) plant 13- % nominal composition shown in brackets adjacent to above.
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PRODUCTION OF SAWN TIMBER AND VENEER IN QUEENSLAND FOR
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FISCAL YEARS 1959/1960 TO 1970/1971.
Table 41
Production of sawn timber and veneer (by species
groups) by Queensland mills for years 1959/60 -1970/71.
fiscal prod. species classes
Year (x) F.H. R.F. Pi. Pl. IM. total
(1) (2) (3) (4) (5)
59/60 S 2.42 0.83 0.49 0.33 0.011 4.081
V 0.155 14.72 4.72 - 11.48 31.08
60/61 S 2.28 0.88 0.46 0.31 0.015 3.945
V 0.072 13.37 5.16 - 9.31 27.91
61/62 S 1.99 0.72 0.34 0.32 0.006 3.376
V 0.018 10.70 4.00 .049 7.31 22.07
62/63 S 1.98 0.71 0.37 0.38 0.006 3.446
V 0.030 11.25 4.38 - 7.44 23.10
63/64 S 2.04 0.72 0.39 0.40 0.006 3.556
V 0.067 12.69 4.24 0.001 7.11 24.11
64/65 S 2.05 0.75 0.36 0.45 0.006 3.616
V 0.097 12.97 3.97 0.012 7.01 24.06
65/66 S 2.19 0.83 0.34 0.46 0.002 3.823
V 0.103 12.35 4.06 - 7.75 24.26
66/67 S 2.13 0.73 0.32 0.50 0.002 3.682
V 0.038 10.96 3.41 - 5.60 20.01
67/68 S 2.03 0.78 0.29 0.54 0.002 3.592
V 0.041 13.09 3.05 - 7.45 23.63
68/69 S 2.09 0.78 0.33 0.58 0.003 3.783
V 0.092 13.20 3.36 0.003 7.04 23.70
69/70 S 1.97 0.76 0.27 0.63 0.006 3.636
V 0.004 13.64 2.46 0.001 7.77 23.87
70/71 S 1.91 0.72 0.24 0.60 0.006 3.476
V 0.029 13.19 2.55 - 10.54 26.30
notes;
(x) S =   sawn timber - (m3 x 105)
V =   veneer (m2 x 106), nominal thickness of 1.5mm.
(a) species classification based on groups used in sawmi1l returns to Forestry Department.
(1) Forest Hardwoods.
(2) Rain Forest species, Cablnet Woods.
(3) Hoop, Bunya and Kauri pines.
(4) Plantation species — softwoods.
(5) Imported species.
Appendix 21
ANALYTICAL CONTROL OF BORON TREATMENT SOLUTIONS BY
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PLANT OPERATORS. (Cokley, 1949 [rev. 1965])
Author’s note; As set out, these were the actual printed procedure and explanations
issued to plant operators. The initial format (1947) was progressively amended in the
explanatory text as “feed-back” from plant operators was received and used in conjunction
with “in-situ” training, where specific aspects were elaborated on in terms of each operator.
Operators were also issued with a list of equipment and chemicals.
Plant Analytical Method.
For conformity of reporting, boric acid, borax (as borax decahydrate), other sodium
salts of boron and mixtures are estimated for convenience as equivalent boric acid and
analytical methods used are such that other forms are converted to boric acid for determi-
nation.
The method found most suitable for plant control in mills is outlined as follows.
1. Clarification of discoloured solutions.
Where the solution has been in use for some period it becomes saturated with colouring
matter and extractives from timbers and in most instances becomes “reddish-black” in
colour. As chemical analysis is based on colour changes of indicators (or dyes), it is
necessary for discolourations to be removed or the solution “clarified” for analysis. This is
done by:
(a) A sample of solution taken from the vat is thoroughly mixed; if there is considerable
suspended matter, such as sawdust, it is advisable to filter through a coarse paper after
mixing.
(b) From this sample a small filtered, cooled volume, 10 or 25 mls, dependent on
discolouration of the solution is measured by a pipette and is then transferred to a 100 ml
volumetric flask.
(c) The liquid in the flask is then acidified, using 15% sulphuric acid and methyl red
as internal indicator. The solution is acid when the indicator changes colour from yellow
to red. Subsequent to this point, a further 5 mls of sulphuric acid is added. Acid addition is
by use of a small measuring cylinder or by a dropper. Under operating conditions, some
extractives precipitation will occur at this stage.
(d) A 10% lead nitrate solution is added to the acidified sample using a separate small
measuring cylinder, which is cleaned immediately after being used. Under normal condi-
tions, the added volume may be varied from 5 mls to 10 mls, dependent on the initial
discolouration of the solution. Upon addition of the lead nitrate, there is immediate
formation of a fine, white precipitate of lead sulphate, some salts of lead with extractives,
eg. tannic acids (polyphenols).
These, in turn absorb any colouring matter and clear them from the solution which
(e) The solution is then made to volume, shaken for thorough mixing and is then
filtered through a retentive filter paper, such as Whatman No. 542, into a receiver such as
a beaker.
When a solution is only pale in colouration from extractives, this step may be
simplified by taking a filtered aliquot (10 ml) of the original sample, which is diluted with
2. Estimation of boron salts as boric acid.
(a) From the filtered, clarified solution an aliquot of either 10 mls or 25 mls is pipetted
into an erlenmeyer flask and then diluted with water to approximately 50 mls in volume (to
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dissolve the glycerine added later).
(b) This is then carefully acidified to methyl red using dilute hydrochloric acid. This
step is necessary if the clarification has been by dilution only. However, if the clarification
has been by sulphuric acid/lead nitrate procedure, the solution should be acid.
(c) The solution is carefully neutralised to methyl red indicator, using M/10 sodium
hydroxide. At the neutral point, the last trace of red due to the indicator just disappears.
Though described as “yellow”, most operators term the neutral point a “salmon pink”
colour.
(d) 40 mls of glycerine (A.R. grade) is added to the neutral solution by a measuring
cylinder and the flask is thoroughly shaken to dissolve the glycerine. At this stage the red
colour of the methyl red returns. Other chemicals, such as mannitol, may be used in the
laboratory in place of glycerine, but their use involves weighing of a small amount and is
less convenient for plant use than the glycerine. The latter is preferable in treatment plant
situations for control.
(e) Approximately 1 ml (several drops) of phenolphthalein indicator is then added and
the solution shaken.
(f) The burette reading of the M/10 sodium hydroxide is then taken and the solution
is titrated to a “pink” end- point of phenolphthalein. During the solution titration, the
following colour changes are observed.
acid methyl red - red
to alkaline methyl red -yellow
to alkaline phenolphthalein -pink
(g) The final burette reading is noted.
(h) Determination of “blank” for glycerine.
Glycerine (being slightly acid) consumes some alkali and this “blank” must be
subtracted from the total alkali consumption. This is done by repeating steps (a) — (g) using
water alone and this titration is termed the “blank”.
3. Calculation of chemical content.
(a) From the M/10 alkali used in step (f) deduct the blank given in step (h).
(b) Multiply result (a) by a factor to bring the volume taken in stage 2(a) back to the
volume of 100 mls from which it was taken after step 1(c).
For example, if 10 mls were taken for 2(a), the factor would be 10, if 25 mls were taken
the factor would be 4.
(c) The figure obtained in 3(b) is again multiplied by a factor to bring the volume of
samples taken under 1(a) to 100 mls of the original treatment solution. When 10 mls were
taken, this factor is 10. Where 25 mls was taken the factor is 4.
(d) The figure given by calculation 3(c) is then multiplied by a factor of 0.00618.
This gives concentration of the solution as percentage of boric acid on a mass/volume
basis.
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ANCILLARY RESEARCH INTO THE DEVELOPMENT AND APPLICATION
OF TURMERIC SPOT TESTS FOR SEMI-QUANTITATIVE DETECTION OF
BORON COMPOUNDS IN TREATED TIMBERS.
To achieve satisfactory results of the effective research into development of a semi-
quantitative “spot test” for boron compounds (Chapter  11), an extensive ancillary program
was required, of which the important aspects are described in this appendix. This research
was implicit to a successful achievment of overall objectives and formed the edifice on
which reliable (including legal status) final “spot test” results were built. In order of
importance, they are described as separate sections.
1. Studies on the purification, on extraction and final concentration procedures of
turmeric reagent.
For particularly preliminary investigations and following  colorimetric precedents
lower reagent (1%) concentrations  of specially pure spectrographic grade curcumin were
used. However, that grade (cost and limited availability) was  not normally employed as a
“spot test” reagent. In its place, as alternative, were used either an analytically pure
laboratory grade curcumin (or turmeric) powder. For these, under the manufacturer or
supplier  specifications [a condition which is common in reagents (so justifying automatic
estimation of “reagent blanks” in analytical techniques)], there are no restrictions on
possible traces of boron compounds being present. In addition, laboratory grade  turmeric
may also contain up to 50% of insoluble matter and, thus, purification (preceded by the
removal of insolubles by solvent extraction of the turmeric powder) was necessary for both
reagents.
The active constituent (Heilbron, 1946) of turmeric powder is curcumin (di-4-
hydroxy-3 methoxycinnamoyl-methane, [M.W. of 368]). It is insoluble in water.
For all purification methods, the criterion was absence of, or reduction to a non-
significant value of a reagent “blank” when tested in terms of a boron reaction.
That was  measured by “red unit” values, either by use of a Lovibond Tintometer or
spectrographically and three purification procedures were satisfactory. They were:-
(i) Initial soxhlet extraction with hot water to remove any boron salts, followed by
(95%) ethanolic solution of the curcumin. This is precipitated by water, centrifuged,
washed and dried either by air-drying, use of a warm air current, or in a vacuum desicator
(but not oven-dried). The procedure is repeated for a final purification.
(ii) Reflux solution in glacial acetic acid and, while hot, filtration by suction. Curcumin
is precipitated by dilution with water, followed by centrifugation or by a suction filtration
and is dried as in (i).
(iii) Reflux solution in sodium hydroxide, followed by hot suction filtration and its
precipitation by dilute hydrochloric acid. Centrifugation, or suction filtration, followed by
several washings (until free of chloride) is desirable. It is dried as in (i).
Purity was assessed by complete solubility in ethanol and a negative boron test,
measured  as above. For other than trace spectrographic analyses for boron, two solutions
and precipitations as above were found adequate.
2. Routine use of turmeric powder
Consequent on extended investigations, in the subsequent studies for routine “spot
testing” of timbers,  saturated solutions of turmeric were used. It was found sufficient, when
used as a saturated solution, to test each supply of turmeric for a negative “blank” reaction
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to trace boron. Where a negative was not given, purification was carried out but, if several
“blank” results were given, the bulk powdered tumeric was suspended in 95% ethanol,
shaken and stored to allow complete saturation of the ethanol by the curcumin. Before use,
the stock liquid was shaken, a filtered volume (100 ml) was taken and used as below.
3. Concentration of hydrochloric acid  additive in terms of ethanolic saturated turmeric
solution.
This was a most significant part of the research and use of concentrated hydrochloric
acid was found necessary.
Larger volumes of more dilute acid were detrimental in terms of change to the
ethanolic concentrations (relative to water content). When measured quantities of acid were
added by such as burette, to an alcoholic solution of turmeric, there was an increase in “Red
At the end-point for acidification, the colour changed from an “orange-yellow” to a
“burgundy”. Past that point, no further colour change occurred. There was a maximum
limiting value which is discussed in the next paragraph.
Excess acid is necessary to ensure the boron is present as boric acid. Study of reactivity,
initially with boric acid (and borax) solution absorbed on filter paper media and subsequent
tests on treated wood confirmed there was a limiting acid value. This was  determined as
a 5mls excess of concentrated hydrochloric acid per 100mls of the turmeric solution,
calculated on the change of colour described above and may be added by measuring
cylinder subsequent to the “acid end-point” colour change. Within these limits, acidified
turmeric solution was stable for periods up 30 minutes but, in excess of that time, a fine
precipitation occurred and reagent sensitivity was lost. Above that addition volume of 5 mls
per 100 mls, within the maximum acidification of 10 mls acid to 100mls of turmeric, the
times prior to precipitation were markedly reduced. Over the limit  of 10mls per 100mls,
precipation was very rapid. In addition, once the “acid end-point” change was reached,
further excess of concentrated hydrochloric acid above the 5 mls, including values greater
than 10% v/v/100mls of the turmeric solution, results in formation of a “brownish-red”
colouration when applied to untreated timber. This was confirmed by separate addition of
excess acid to wood specimens before applying the reagent.
4. Type of timber section tested included;
(a) A transverse section.
Measurable distribution of boron compounds is limited to vertical parenchyma, vessel
lumina and ray tissue. Some solution of boric acid (cf. Chapter 11) can occur in the turmeric
reagent, thus giving erroneous measurements of preservative distribution.
It was impracticable to quantitatively measure the colour intensity, or distribution, on
this section.
(b) A split longitudinal radial section.
(c) A split longitudinal tangential section.
The optimum section was (b) but, due to angle of cut of the test board, on a number of
occasions it is necessary to use section (c).
5. Surface preparation for testing.
Normal cutting with a handsaw, a small circular or band- saw, particularly if wet
boards are sampled, results in transfer of boron impregnated material from outer layers of
the board to the inner sections and across fibre tissues. Similarly the physical process of
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cutting results in raised ridges in the timber surface which give a non-uniform reaction
The types of surface are important in  colour assessment. For optimum uniformity, the
board, after cross-cutting, is longitudinally split with a small tomahawk, allowed to air dry
(see later section) and then dressed to a smooth surface by using  a “fine set” plane. Surface
problems are accentuated by species and preservative distribution. However,  restriction of
the test surface in terms of the degree of smoothness present in the original research, was
problematical and would severely limit applicability of the test, particularly under field
conditions.
As the basic method had been proven, extension was made  to determine the
significance of and range in tolerances of a surface which may be suitable for routine tests.
The criterion was reproducibility and reliability of results, the influence of surfaces on
operator and inter-operator assessments. Here, the accuracy of and the requirements of
surface for Tintometer readings were supplemented by independent direct analytical
comparisons. Within a normal concentration variation (+/- 0.05% m/m of boric acid
equivalent) based on comparative analytical results, use of a split section was acceptable,
other than where the specimen had an interlocking or sloping grain. For these, a surface was
dressed for test.
Subject to the above, for routine testing, it was found adequate to split in a longitudinal
direction parallel to the rays; one split face is tested for depth and grade of starch penetration.
The split matching face is examined by “spot test” for boron compound concentration.
Examination of fine sawdust (test required for assessment of possible contamination
in end-uses)  is difficult due to the rapid absorption rate of ethanolic solvent where ratio of
surface area to thickness is great. Reflectance angles of individual sawdust particles and
hence apparent colour hue are random. It is preferable to extract the sawdust and to test that
extract.
6. Effects of the moisture content, wettability and test temperature of specimens on the
turmeric reaction.
(a). The ethanolic turmeric reaction with boric acid is inhibited by presence of free
moisture and the general effect is a precipitation of turmeric from the solution before the
reaction can proceed and hence an apparent negative is given. This effect is equivalent to
a dilution of the ethanol used. Moisture content at time of test is very critical. If tested, whilst
still “wet” from treatment, free solution or moisture present in the vessels also caused a
“smearage” factor, so giving a completely false result in distribution in wood tissues.
Desirable maximum moisture content in wood was dependent on species but was
found to be 20-25% mc and corresponded to below normal fibre saturation point.
o C.) of  (especially) test
specimens should be avoided due to a re-distribution of the boron compounds during
drying. A maximum  temperature of 65 to 70o C. was found suitable and may be used on a
very thin split section where rate of moisture loss is greater than rate of re-distribution of
boric acid.
To prevent possible alcohol or acid loss, it is essential the specimen be cooled to
ambient temperature prior to test
much faster in hot, or oven-dry, timber and results in precipitation of the reagent. Acid loss
can also occur.
(c). In many species, a reduction of specimens to low moisture content results in an
increase of hydrophobic properties. Complexing of the boron compound, contained in the
wood tissue, by the acidified alcoholic turmeric solution may be retarded, with added
development time often required.
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Under normal conditions, optimum reaction time for colour development (ambient
temperatures) is 20-25 minutes.
7. Other factors studied included;
Species.
a. wood colour ranges from “white” species, such as white cheesewood, Alstonia
scholaris, to “red/brown species” such as red siris, Albizzia toona. Typical sapwoods and
“Transition/Intermediate woods” (Chapter 8) were variable from white, to yellow, to red-
brown.
b. wettability variations which might retard or inhibit the reagent penetration. Typical
species are Crow‘s ash, Flindersia australis, tallowwood,  Eucalyptus microcorys, the tulip
oaks, Argyrodendron spp.
(c) Wood pH ranges (and possible buffer effects). These were over the general range
of pH 4-7.5+ in the treated zone. The reaction required low pH values.
(d) Variable interferences from elements present in wood. They include such as iron
salts, aluminium in species such as Cardwellis sublimis from Cardwell Range areas, near
Ingham (confirmed by Dr.L.J. Webb).
(e) Variable distribution of boron preservatives in wood tissues. Broad ray species,
such as Cardwellis sublimis, Argyrodendron spp., were tested to ascertain if they may give
different visual results to small ray species, such as Eucalyptus maculata and Brachychiton
spp. Similar queries applied to vertical parenchyma.
In practice, the author found:-
(i) there was an operator effect of species colouration on visual grading. This problem
was overcome by training of an operator with comparison against analysis.
Subsequently it was eliminated in the laboratory by ultra-violet examination of the
fluorescence of a spot test.
(ii) Wettability problems did exist but were  overcome by the ethanolic solvent. An
extension of development time to 25-30 minutes overcame any problems.
(iii) pH of the specimen presented a problem in that the turmeric/ boric reaction is pH
dependent.  This need was overcome by;
(a) use of 5% m/v excess of concentrated hydrochloric acid (see above), which created
a local area of very low pH and hence allowed the reaction to proceed.
(b) restriction on the testing of hot boards which cause rapid loss of ethanol and a loss
of hydrochloric acid away from the test site.
(iii) Subject to operator training (Chapter 11), wood structure, in terms of “ray size”,
did not have adverse effects on assessment.
8. Standard spot test procedure.
Based on data from this research, the standard  procedure (Cokley, 1947) adopted
was;-
1. just acidify the turmeric solution by concentrated hydrochloric acid, measured by
pipette or burette and with stirring until the original saturated, filtered ethanolic (95%)
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solution changed to a “burgundy” colour.
2. Add 5mls percent (5ml per 100 ml of acidified turmeric solution) of excess
hydrochloric acid (with stirring).
The turmeric reagent must be used within 30 minutes after acidification.
3. Excess acidified (as described) reagent is added to the timber surface, (air, or low
temperature, dried and cooled) allowed to develop for 25-30 mins and is assessed as
described in Chapter 11.
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TABLE 55.
Representative correlation of species treatability
groups with anatomical indices (rankings).
grp. typical  species index rankings
(a) 1 2 3 4 5
1 flame kurrajong 1 1 1 3 7
Brachychiton acerifolius
white cheesewood 1 3 1 1 5
Alstonia scholaris
candlenut 1 5 1 0 9
Aleurites moluccana
2A silver quandong 1 3 5 1 1
Elaeocarpus grandis 1 7 7 0 1
2B yellow walnut (b) 8 2 1 0 4
Beilschmiedia bancroftii 8 3 3 1 4
red tulip oak (b) 8 2 2 0 5
Argyrodendron peralatum 13 2 2 0 5
Crow‘s ash (b) 13 5 3 0 3
Flindersia australis 13 5 5 1 5
3 spotted gum 13 6 4 7 3
Eucalyptus maculata 17 7 6 4 3
Sydney blue gum 8 8 2 9 3
Eucalyptus saligna 13 8 2 9 2
4 brown bloodwood 13 7 4 7 3
Eucalyptus trachyphloia 17 7 4 7 3
tallowwood 13 9 7 9 3
Eucalyptus microcorys 17 9 7 9 3
(a) see text for treatment groups and Index.
(b) alternative index ranking shown.
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TABLE 56
Correlation of Wood Air-Dry Density (Swain‘s Index)(1) with Porosity Grouping
— Porous Species (a)
Porosity Maximum Density/ Ranking Index (2)
Class 0—600 600—800 800—1000 >1000
coarse 1 8(7) 13(5) 17(4)
fine 2 9(7) 14(5) 18(4)
minute 3 10(7) 15(5) 19(4)
Notes ;- (1) Swain, 1927.
(2) increment from previous ranking shown in brackets.
(a) intermediate rankings 4-7, 11-12, 16, 20, classified as pores or rays absent.
TABLE 57
Comparison of the Wood Porosity Rankings between Swain‘s (1927) Index with
Classifications by Dadswell et al. (1934, 1935).
Unit Swain. Dadswell et al.
(1) Class Description Class Size(a) Description
1 coarse stand out large >300 very distinct
markedly to naked eye.
to eye
- medium 200 readily visible
-300 to naked eye.
2 fine small, small 100 just, or barely
indistinct, -200 visible to naked
discernible eye.
without strain.
3 minute almost wholly minute <100 visible only
indistinguishible by assistance
by naked eye of a lens.
Notes;- (1) Suggested Ranking value.
(a) maximum diameter (microns) measured microscopically.
However, as  are separately discussed (see text), where factors such as wettability difficulties, or major
local  source effects were present in a number of species causing changes such as in density or porosity
occur, a specific higher, or lower, group schedule for their species  was recommended to the plant. High
density brown tulip oak A. trifoliolatum, at Wengenville (S.E. Q‘ld) is cited as an example.
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Classification of Species by  Treatability Groups.
Explanatory notes.
The local Queensland species numbered in excess of 350, and, inclusive of imported
timbers, a total of about 600 were handled by the industry. A number of non-susceptible
timbers (Chapter 2) were also treated as part of sawmill production, or for special reasons,
such as in the case of brush box.
Thus the classification  listed shows only a representative range of species commonly
treated. Reference to the text indicates how the listed species are used to establish effective
treatment schedule for any timbers not shown.
A number of species are noted as “variable with source”. As such, they are listed within
the standard treatment  group representing the normal range and with additional notings
indicating change of groups where applicable.
Other factors, such as problems of “wettability” are separately discussed (Appendix
15) in the thesis, but in this context, have, for some species, influenced a local application
of remedial conditions.
It should be noted (Chapter 8) the use of alkaline borate solutions have a significant
positive effect on such species problems.
Group 1.
————
basswood, silver Tieghemopanax elegans
candlenut Aleurites moluccanna
cheesewood Nauclea orientalis
cheesewood, white Alstonia scholaris
erima Octomeles sumatrana
figwood Ficus spp.
kurrajong, brush Brachychiton discolor
kurrajong, flame Brachychiton acerifolius
pepperwood Cinnamomum laubattii
Group 2A.
————-
alder, blush Sloanea australis
alder, brown Ackama paniculata
barringtonia Barringtonia calyptrata
basswood, white Tieghemopanax murrayi
birch, white Schizomeria ovata
bollywood Litsea leefeana
butternut, rose Blepharocarya involucrigera
camphorwood Cinnamomum virens
carabeen, yellow Sloanea woollsii
cedar, Borneo Shorea spp.
cedar, peach Trema orientalis
cedar, red Toona australis
cedar, West Indian Cedrela odorata
cedar, white Melia azedarach
var. australasica
celtis, silky Celtis paniculata
cudgerie, brown Canarium australasicum
lii
magnolia Galbulimima belgraveana
maple, rose Cryptocarya erythroxylon
nutmeg Myristica muelleri
oak, satin Oreocallis wickhamii
oak, silky, mountain Orites excelsa
oak, silky, northern Cardwellia sublimis
oak, silky, southern Grevillea robusta
poplar, pink Euroschinus falcata
var falcata
quandong, hard Elaeocarpus obovatus
quandong, silver Elaeocarpus grandis
siIkwood, bolIy Cryptocarya oblata
siIkwood, siIver Flindersia acuminata
siris, white Ailanthus triphysa
siris, yellow Albizia xanthoxylon
sycamore, satin Ceratopetalum succirubrum
Group 2B.
————-
ash, Bennett’s Flindersia bennettiana
ash, Crow’s Flindersia australis
ash, silver Flindersia pubescens
bean, black Castanospermum australe
beech, silky Citronella moorei
blackwood Acacia melanoxylon
bloodwood, scrub Baloghia lucida
boxwood, Macintyre’s Xanthophyllum octandrum
boxwood, yellow Planchonella obovata
calophyllum Calophyllum spp.
camphorwood Cinnamomum oliveri
carabeen, grey Sloanea macbrydei
carabeen, white Sloanea langii
damson Terminalia sericocarpa
evodia, northern Evodia vitiflora
incensewood Pseudocarapa nitidula
ivorywood Siphonodon australis
mahogany, brush Geissois benthamii
mahogany, miva Dysoxylum muelleri
mahogany, rose Dysoxylum fraseranum
mahogany, spur Dysoxylum pettigrewianum
maple, rose Cryptocarya erythroxylon
mararie Pseudoweinmannia lachnocarpa
oak, Caledonian Carnarvonia araliifolia
oak, tulip, blush Argyrodendron actinophyllum
oak, tulip, brown (a) Argyrodendron trifoliolatum
oak, tulip, Mackay (b) Argyrodendron actinophyllum
subsp. diversifolium
oak, tulip, red Argyrodendron peralatum
redheart Dissiliaria baloghioides
satinash, blush Eugenia hemilampra
satinash, cherry Eugenia luehmannii
satinash, eungella, Eugenia sp.
red.
satinash, eungella, Eugenia sp.
white
satinash, grey Eugenia gustavioides
satinash, Killarney Eugenia corynantha
liii
satinash, rose Eugenia francisii
satinash, southern Eugenia brachyandra
satinwood, tulip Rhodosphaera rhodanthema
siris, red Albizia toona
taun Pometia pinnata
touriga, red Calophyllum costatum
walnut, blush Beilschmiedia obtusifolia
walnut, brown Endiandra dichrophylla
walnut, New South Endiandra virens
Wales
walnut, pink Endiandra sieberi
walnut, Queensland Endiandra palmerstonii
walnut, white Cryptocarya obovata
walnut, yellow Beilschmiedia bancroftii
wattle, white Acacia bakeri
yellowwood Flindersia xanthoxyla.
Notes; (a) variable with source.
(b) material from Mackay (Eungella area) is typicallyvariable. Dependent on source, it requires treating
as a Group 3 species.
Group 3.
————
ash, hickory Flindersia ifflaiana
ash, leopard (d) Flindersia collina
box, brush (x) Tristania conferta
boxwood, yellow Planchonella pohlmaniana
gum, lemon-scented (c) Eucalyptus citriodora
gum, spotted(d) Eucalyptus maculata
gum, white, Dunn’s Eucalyptus dunnii
Notes; (c) generally  more difficult than E. maculata, but is more consistent with source and, for the
Central Queensland area, treatment evidence strongly indicates that a species hybrid with E. maculata is
present.
(d) variable with source.
(x) treated to aid in seasoning and for fire retardency.
Group 4.
————
apple, smooth-barked Angophora costata
bloodwood, brown Eucalyptus trachyphloia
bloodwood, red Eucalyptus gummifera
carbeen Eucalyptus tessellaris
ironbark, grey Eucalyptus drepanophylla
ironbark, red Eucalyptus sideroxylon
ironbark, red, narrow
leaved Eucalyptus crebra
mahogany, red Eucalyptus resinifera
tallowwood Eucalyptus microcorys
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Appendix 26
Table 58
Recommended open tank treatment schedules
item schedule (1)
C.S. H.& C. S./ C.Q.(x) Hot Maint.(c)
1  2 3 4 5 6 7 8 9  10 11 12 13 14 15 16
(l)(2)
soln. 3  3 2 2 2 2 2 2 1.5 1.5 1.5  3   3   3   3  3
conc. % boric
acid eq.
max.temp —93—— ——82—— ——— 82——
of heating
o C.
alternative
maximun temp. ——71——
maint. -N/A-           1 2 2 4 4 8 -  -  -  8 14 18 24 36
time
(hours)
steam  -N/A- —— N/A—— 2  3  3(4) — N/A——
time
(hours)
temp. -N/A-        8 11 22 22 28 44 — N/A—  ————
drop
o C
steeping [C.S. and S./C.Q. respectively](3)
time 7d.14d. ——N/A——— 4h.4h.14h.(b) —N/A—
notes:
(1) C.S.   = cold soak.  H.& C.  = hot and cold.
S./C.Q. =  steam/ cold quench. N/A - not applicable.
Hot Maint. = Hot Maintenance.
(1) (2) All cold soak treatments to include one month seasoning after immunisation (cf. text-
N.Queensland).
Cold soak process is not recommended where local ambient temperatures fall below 18oC, unless some
heating is applied to the solution.
(3) d = days. h = hours
(b) maintenance at steeping temperatures.
(c) not recommended for temperature sensitive species,unless post-treatment cooling controlled (Chapter
13).
(4) increased to 4 hrs for some plants, due to local species variations, eg. density.
(x) All Steam Cold Quench schedules above group 2A  based on air-dry material onIy.
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Table 59
Open tank treatment schedules for species groups
thickness. species recommended process schedule
group. (1), (2)
to 12mm 1 1, 3, 9, 12.
2A 1, 3, 10, 13.
2B 1, 5, 11p, 13.
3 1, 5, 14.
4 1, 6, 15.
12-25mm 1 1, 4, 9.
2A 1, 5, 9, 11.
2B 1, 6(c), 7(c), 11p, 14
3 1, 6(c), 7(c), 14.
4 2, 7, 15.
25-38mm 1 1, 5, 9, 13.
2A 2(a), 7, 11, 14.
2B 2(a), 7, 11p, 14.
3 2(a), 7(c), 8(c), 14.
4 2(a), 8, 16.
38-50mm 1 2(a), 6, 10, 15.
2A 2(a), 7, 11*, 14.
2B 2(a), 7(c), 8(c), 16.
3* 2(a), 8m, 16.
4* 2(a), 8m,
notes;
* Issued subject to check on individual species source differences.
p. Preliminary air drying for steam/cold quench process is recommended.
(1)(2) Schedules 1, 2, include one month post-treatment air seasoning (cf. text re N. Queensland).m-
requires g.o.s. material, max. temperature 71o C, and slow cooling to atmospheric temperature.
(a) add 7 days for each 12mm, or part thereof, increase in thickness,  above times advised in schedule 2.
(c) Dependent on source, some species in these sizes  require the higher schedule.
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TABLE 60
Minimum effective and recommended operating solution
concentrations (as % boric acid) in “Immunisation
Treatments” (1) of timber species.
process species solution concentration
(2) group           as % boric acid m/v. (3)
(a) minimum recommended
hot and cold. 1, 2A 1.5 2.0
2B, 3,4 1.7 2.0
s./ c. quench. 1 1.3 1.5
2A, 2B (4) 1.3 1.5
> 2B (5) 1.7 2.0
diffusion. All species 3.0
veneer M.Dip (b) “     “ 1.5-2.0
vac./pressure. All species 2.0-3.0(6)
notes ;-
(1) name given to treatments to prevent attack by Lyctus spp.  (2) for process details, see text, Appendix
14.
(3) all boron compounds reported as the equivalent boric acid % m/v.
(4) when treated over fibre saturation point, species did not exceed 720 kg/m3 in air-dry density
(5) preseasoned to below fibre saturation point. In practice, species treated by this process did not
exceed an air-dry density greater than 850 kg/m3.
(6) concentration varied with process, typically 2.0%.(a) see text for classification of species.
(b) Momentary Dip process for veneers, see text.
TABLE 61
Maintenance time (hours) at maximum temperature as the
function of timber thickness (1) for group 2A species
treated by hot and cold processes.
thickness maintenance (a)
mm. time (hrs.) (b)
<15mm, 15 1
25mm 2
38mm 4
50mm 4
notes ;-
(a) schedule variations also include changes in temperature drop from maximum temperature.
(b) special schedules have been used in specific cases where greater thickness such as 75mm were
required to be treated, thus reducing stresses.(1) see text.
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Appendix 27
RESEARCH ON WOOD DENSITY AND ITS VARIATIONS.
As indicated in the main body of the thesis (eg. Chapters 3, 8, 12, 13) timber density
plays very significant roles in utilisation, especially in preservation practices.
Particularly for angiosperms, published data is based on specimens from mature
timbers of relatively large girths, as typically harvested in the 1920-1940 era. As log sizes
decreased, density fell correspondingly. For these latter (and plantation species), when
compared to the published data, falls in density of up to 25% were accompanied by changes
in other physical properties as well as in both seasoning and preservation characteristics.
Variations were reported (Eccles, 1974) in the relative volume percentages and
differences in basic densities for  earlywood and latewood stems (nos. 6-10 rings) of 19 year
old slash and caribbean pines and in  the former species relative volume percentages were
42% and 58%, with corresponding basic densities of 347 and 658 kg/m3, but the latter gave
corresponding relative volume figures of 75% to 25% and had basic densities of 390 kg/m3
for earlywood to 640 kg/m3 for latewood. This difference is demonstrated in treatment data
discussed in Chapter 12.
The reductions in density of regeneration, fast grown, small diameter, eucalypt species
for pole and round post uses were important in treatments. Schmidt (1962) found air dry
densities in power pole size blackbutt, E. pilularis, sapwood (converted from his basic
density data where a.d density = 1.2 B.D.) falling over a range of 702 to 713 kg/m3 as
3. In other instances, this
author found examples of change in wood treatability which were associated with structural
variability, the porosity and which included variations in density.
Consequently, divergences  in the  published mean species density were  studied (cf.
Section 12.3, Chapter 12) and were related to treatment, to species classifications and on
temperature duration (also drop) in schedules.
This took the form of comparison of data in published references to measured values
followed by direct research on  variations. There were continuing determinations both in
pilot plant research and in commercial studies.
1. Studies on variations in published wood density.
In these discussions by the writer on the significance of density in preservation, this
property is considered as being on a random basis in terms of board position in a stem (or
tree source). Importance of study of structural variations, including density, which occur in
practice, is typified by the range in coefficients of variation for treated brown tulip oak cited
in Table 32 (Appendix 17). Unless (Chapter 3) the local density changes due to source are
noted, or known, seasoning and preservative treatments, discussions of physical properties
or timber utilisation were (and continue to be) based on the mean published density values
without allowance for variation.
Author’s note; During the period of his density research, classical (and micro) methods
of measurements were used, but many measurements were under field conditions. For
certain applications, eg. in early/latewood variations, radiography (by courtesy of the Wood
Structure Group) was utilised to differentiate zones of different density, but instrumental
techniques based on such as by densitometer were not generally accessible or available.
Swain (1928) and Watson (1947, 1951, 1964) listed known mean values for Queens-
land timbers. Cause et al. (1974) updated that local information. The most authoritative
general and detailed Australian reference evaluations on density were published by
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Greenhill and Dadswell (1940), wherein it is demonstrated;
i. density variations relate to vertical position in a stem, vary radially, with the lowest
values at the pith, have reasonable constancy across heartwood, but show a drop as outer
sapwood zones are approached. Those authors did not comment in terms of “transition
wood”, or source, effects. Differences between different trees of the same species are
significantly greater than within a tree. In commercial operations, it was noted by this author
that changes occur when several log lengths are cut fron the one tree.
Boards from those separate logs are randomly distributed in a typical charge (season-
ing or preservation) and with consequent variation in density and response to process.
ii. frequency curves show a normal distribution about the mean. However those
authors comment that, when variations between trees (and including different ages) are
tested, density results can exhibit a skewed frequency histogram, especially in Eucalypt
spp.
iii. expressed as Coefficient of Variation, or “C.V.” (a calculation used  by this writer
as there are wide ranges in tabulations of density [Table 8 of that reference]), there is a
typical standard deviation (S.D.) about mean density values cited (see below) of approxi-
mately            +/-10%  for both basic and air dry (12% mc) densities but in some timbers,
eg. Brachychiton spp. a C.V. of up to 25% was determined.
iv. at the 95% probability level (cf. their table 8), density variations fell within (+/-
20%) of mean values. Accepting the statistical significance of the relativity of (2 x S.D.),
and as “Standard Deviate” is defined as “deviation from the mean divided by standard
deviation (and expressed as d/s)”, the standard deviate is 2 for data in that reference.  Thus,
in a normal frequency distribution curve, only 68.27% of specimens fall within +/- (1 x S.D.)
and for 96.4% of the population values of density can be expected to fall within a normal
range of +/- (2 x S.D.) of a species mean published (and quoted) values. This is in agreement
with that data.
Summarised, when considered in terms of possible values based on published mean
density and a random population, including age and source, significant conclusions from
the above evidence, are;
a. about 30% of the samples from a random population may fall outside (+/- 10%) of
the mean density.
b. 95% of samples from the random population may extend to (+/- 20%) of a mean,
published value.
c. 5% of that random population can fall above and below the mean by in excess of
20%.
In application to preservation, the significance of this  is illustrated by their density
results on three species.
For spotted gum, E. maculata
1110 kg/m3 (based on air dry density at 12% mc [after reconditioning]). That  compares to
the published mean (Cause et al.(1974) of 1010 kg/m3. For two rainforest species, namely
blush tulip oak, Ar. actinophyllum, and red tulip oak, Ar. peralatum, density values quoted
are respectively 628 to 926 kg/m3  and 630 to 857 kg/m3,  but a mean density (Cause et al,
1974) of 800 kg/m3 is quoted for both species.
1.i. Relationship of density to moisture content and  the fibre saturation point (FSP).
As shown in Section 12.4 (Chapter 12), moisture content and air volume are expressed
as a function of the unit (volume) wood mass, that is of the density. Graph 43 shows, for a
specific gravity of 0.9 (a common value in a number of hardwoods), low ranges of
theoretical moisture contents possible and this writer suggests that a similar relation applies
also to the FSP, which is calculated on both commencement of shrinkage and wood specific
gravity.
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2. Correlation of density with latitude.
As the preservation industry was operating in both low and higher (sub-tropical)
latitudes, the writer examined the frequency distribution and variation of starch over a range
of species (Chapter 8) but found no significant relationship was present. Using similar
premises, he examined possible  influences of latitude on density, by comparison of a total
sample population of 200 randomly selected species for North and South Queensland
timbers, using air dry (12% mc) density classes with data based on Watson (1947, 1951).
Assumptions made by this writer were that distributions of actual to published density
values would fall within the 95% probability range and the distribution curves would be
normal. They were correlated with a study of actual measured values (based on random
selection of 586 specimens under analysis) of species being commercially treated.
These latter were associated with studies by the writer relating to salt usage data (Table
33, Chapter 10) and research (Chapter 12) into possible suitability of lower moisture
contents for treatment. Survey results are shown in Table 62. Within the 95% probability
limit, there were no significant differences between the two zones relative to each other, or
to the random samples, other than there was an apparent trend in frequency distribution
curves of density which suggested that lower density species may have a higher represen-
tation in tropical regions.
3. Quantitative assessment of variation in density for selected Queensland species.
As part of the research (Q P 9-2-1, Appendix 2) project on Queensland species, the
program included determination of densities and ranges in variations. A total of 10 logs for
each of 13 species and which included North and South Queensland  timbers, were used.
The results are listed in Table 63. In addition to that data, oven dry weights on 2360
measured, dimensioned, samples were determined prior to being preservative treated and
individual densities calculated. For specimens measured in this latter group, densities
agreed with data in Table 63.
4. Conclusions on density variations.
The conclusions drawn from this data (all sources) with further comments based on
associated evidence from other research were;
(a) Compared to published data, a high probability exists for significant possible
variation in actual density and range for species being processed and treated (Sections 12.2,
12.3, Chapter 12).
A minimum C.V. of determined densities about published values is of the order of (+/
- 10%) of the latter, with a probability (95% level) of (+/- 20%). This is in excess of the data
in Table 62, where the results based on 586 commercially treated samples gave only a
divergence of the order of plus 7%, relative to published figures, but that “determined”
mean is compared to a larger population (200) of published densities. However see data, eg.
note (a) Table 63, re log sizes and earlier comments regarding  change in log types upon
which published data was based.
(b) There were divergences of a similar order within each species.
In open forest species, such as narrow leaf red ironbark, where the specific heartwood
specimens may be adequately (Chapter 8) visually segregated (Table 63), variation in mean
value are of the same order as cited. For rainforest timbers (Chapter 8), where classification
of most of the heartwoods is dependent on the absence, or presence, of starch, evidence
(Table 63), based on measured densities (relative to mean published data), shows similar
levels of divergence are present.
5. General theoretical mean density values used by the writer in his research programs.
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For his  general theoretical calculation purposes (based on all species), a mean value
of 700 kg/m3 was adopted for oven dry density and 789 kg/m3 on an air dry basis, giving an
approximate basic density (as sg.) of 0.631.
TABLE 62
Distribution of air-dry wood densities (1) for a range
(N = 200) of species fron North and South Queensland.
density class (2) no. in density class
kg/m3 N.Q.(3) S.Q.(3)
range mean n n
< 480 408 11 4
481-640 568 27 22
641-800 728 29 24
801-960 888 15 21
961-1120 1048 18 27
1121-1440 1208 1 1
(cf. text re use of mean limiting value - 1200)
mean density (4), kg/m3, all species;
N.Q.———698  (736)
S.Q.———767  (806)
overall (State) mean (5), kg/m3 both areas; ——— 732.0 (770)
notes;-
(1) based on Watson, (1947, 1951) at nominal 12% moisture content.
(2) species divided into density classes as shown.
(3) N.Q.= North Queensland, inclusive of Mackay Forestry District. (3) S.Q.= South Queensland.
(4) based on individual values. Figures shown in brackets are based on (number in class x class mean).
(5) Comparison with 586 commercial samples over a range of 71 charges from treatment plants, gave
the mean value (Cokley, 1951), of 699 kg/m3, oven dry basis, and 782 kg/m3 at 12% mc air dry value.
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TABLE 63
Divergence between actual and published wood density for
a range of Queensland timber species. (after Cokley and
Rees {1964}).
no. Standard wood density (Kg/m3) no.
Trade Name publ. determined (mean) in
data a.d. o.d. range test
(3) (1) (1)(2)(c)
1 bloodwood brown 995 867 774 -(b) 40
2 carabeen yellow 610 624 558 579-672 52
3 cheesewood white 400 357 317 298-409 26
4 gum spotted 1010 907 810 782-1030 60
5 ironbark n.l.red(a) 1090 965 861 -(b) 81
6 heart yellow 960 840 750 -(b) 20
7 kurrajong flame 400 472 427 418-443 21
8 pine cypress white 675 578 515 -(b) 175
9 pine slash 625 618 552 430-672 42
10 oak nthn. silky 560 656 586 512-688 31
11 oak tulip red 800 614 549 451-603 69
12 tallowwood (a) 1010 722 645 -(b) 20
13 walnut yellow 640 640 571 461-645 83
notes;-
a.d.= air dried. o.d.= oven dry basis, research data.
(1) at nominal 12% moisture content.
(2) overall range, sapwood and heartwood samples.
(3) after Cause et al. (1974).
(a)  small girth logs, circa 1.5 m.to 1.8m. girth breast high (g.b.h.), typical of current saw log
sizes then cut.
(b) heartwood determinations only, part of separate section of a multi-purpose research program. For all
other species, sapwood (starch positive) was tested separately from heartwood, but not segregated in
above table.(c) based on untreated control samples.
Appendix 28
CALCULATION OF “EFFECTIVE ORIFICE” DIAMETERS
In Chapter 12 (Sections 12.4, 12.4.a), emphasis is placed on de-aeration of specimens
under thermal vacuums and it was shown that permeability and penetrability of gases, water
and preservative solutions were dependent on what the writer defines as “Accessible free
paths” and, in turn, they were significantly related to what he defines as “Effective Orifices”
and, for which, the quantitative value (a function of number) of diameter(s) was sought.
The author (section 14.2.ii.v, Chapter 14, Appendices 37, 38) indicates design of
research equipment, specifically Diagram 3c, for data on fundamental aerodynamics
related to evacuation of wood species. It is shown (Appendix 38) that total measurement of
evacuated, and collected, gas (air)  is isothermal. It will be noted that, though the “Critical
Values” of vacuum are used in this discussion,  the derivations of “Effective Orifice
Diameters” are based (Chapter 14) on a formula involving adiabatic gas expansion of gas
(air) evacuated from the specimen within a system.
In design of the total system (Diagram 3c), the author had, based on his other research,
including that carried out in systems 3a, 3b,  necessarily established (Chapter 14) the  full
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design on differences in work done (thus energy and thermal changes), which would be
positive or negative, dependent on the separate mechanisms involved for each stage of
evacuation and collection.
In studies on the system (3c), no detectable temperature changes were  measured in the
Witts flask section of the total system in which the specimen was held. Expansion, under
these conditions, of gas (air) from “orifices” into a “duct” (vessel) [and thus to an enclosing
system where relevant diametric ratios may be significantly greater than that for the
orifices]and where the external vacuum is higher than that pertaining in the region from
which the air expands through the “orifice”, was concluded to be adiabatic. This expansion
takes place within the specimen and subsequently to the Witts flask container. This
assumption that adiabatic gas expansion occurred was confirmed (Section 14.4.2.i.i,
Chapter 14).
Determination of “Effective Orifice Diameters” in spotted gum specimens.
Using that relation of adiabatic expansion and relativity of diameters of the flask to the
orifices, and “Critical Values of Applied Vacuum” (Chapter 14), namely “Spc” and “Vpc”
of 45mm and 25mm (at S.T.P.) respectively, the “Effective Orifice Diameters” can be
determined.
Calculation.
a. To satisfy the requirements of sonic velocity, the diameter of the orifice must be
significantly less than 0.4 de., where the latter is outlet duct diameter, namely that of the
Witts flask (refer later discussion on value of “D”, relative to pore and fibre lumen
diameters).
b. Data used include the mean volume rate of Efflux, “Q” cc/sec (cf. Table 76,
Appendix 40), the cross-sectional area of discharge and total number of vessels (Dadswell
et al, 1934) based on mean pore count / 20m2. This gave data of;
mean number of pores / 20 mm2 = 100
average range of pores  = 210 - 310 microns
calculated mean pore diameter (microns) = 260
(published mean of 256 microns)
Specimens used were nominally 125mm in length, 100mm in width and 25mm in
thickness. As discharge was from both ends (short length samples), neither side nor face air
flow is assumed significant in terms of relative end-flow, i.e. longitudinal flow, then, using
the above data;
i. measured area of flow  = 5161.6 mm2
ii. total number of pores = 25,808
iii. total flow (converted to S.T.P.), “Q” cc/sec at the
“Critical Vacuum Point”, p2.5 cm = 1.40 cc/sec.
iv. from the above data,
Mean flow /pore = (1.40 /2.5808) . 10-4 cc/sec
= 0.5425 . 10-4 cc/sec/pore
Where “D” was the “Effective orifice diameter”, then at sonic velocity, the data gave
a value of;
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D = 456 millimicrons.           (28.1)
This is significantly lower (by a factor of approximately 500) than vessel (pore)
diameter (mean 256 microns) cited (cf. Section 12.5.4, Chapter 12 re “Specific Vessel Void
Volume”) for this species and is similarly significantly lower  than fibre lumen diameter
determined as a mean  of 15 microns (cf. Section 12.4.4.i.iii.i.a, Chapter 12).
Importantly, this difference of the value for “D” to pore and fibre lumen sizes confirms
that multiple orifices are operative in gas discharge.  Further, as the premise of diameter
ratios of 0.4 is satisfied by these differences, discharge through the multiple orifices can take
place into pore and fibre lumina prior to exit into the flask but with a greater rate of flow
(Poiseuilles Equation, Chapter 12) from pores. This explains the cyclic nature of de-
aeration observed in hardwoods by the writer.
If there are “n” such orifices discharging into each vessel (pore) or fibre lumen, the
mean effective orifice diameter is given by;
D  =  (456 /n)1/2 millimicrons         (28.2)
Dependent on the value of “n” they range from ;
n25  =  91.2 millimicrons
n100 =  45.6       “
n225 =  30.4       “
These values are (eg.for n > or = 100) equivalent to the dimensions cited (Stamm, 1962,
1964) for pit openings.
Appendix 29.
Table 64
Circumferential variation of CCA in pole sections of
P.Taeda poles at two distances from pole butts (x)
height sub (1) disc retention kg/m3
sample A B C mean
5.5m butt 75.84 75.84 64.80 72.16
centre 88.00 71.52 84.00 81.17
top 78.56 82.56 81.28 80.80
2.7m butt 93.60 95.04 79.84 89.49
centre 73.12 93.60 86.88 84.53
top 88.00 97.92 97.92 94.61
overall mean 82.85 86.08 82.45 83.79
notes;
(x) samples length 0.3 m. sub-sampled. Discs at 120 degree arc of circumference.
(1) sub- samples shown relative to position in pole.
Thus butt = section closest to original butt of pole,
top =  section closest to head (top) of pole.
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Table 65
Variation in the CCA retention (a) between earlywood and
latewood in pole sections of P. elliottii var. elliottii.
pole earlywood latewood
kg/m3 kg/m3
A 6.88 2.88
B 14.24 12.00
C 21.92 14.56
(a) replicate determinations.
Appendix 30A
COMPARISON OF DATA USED BY RUDMAN (1965) IN RESEARCH ON
DISTRIBUTION OF SOLVENTS AND PRESERVATIVES AS FUNCTIONS OF
VESSEL AREA (PERCENT OF TOTAL VOLUME) WITH DATA BASED ON
RESEARCH AND INDUSTRY FINDINGS ON THE DISTRIBUTION OF
PRESERVATIVES IN HARDWOOD TIMBERS. (TABLE REFERENCES AS IN
THAT PAPER)
Explanatory notes on comparisons;
1. Rudman uses total “vessel cavities”, expressed as a product of mean frequency/mm2
and mean separate vessel areas principally as a percentage of total volume, From that figure,
the theoretical maximum creosote uptake is calculated for each species (Table 3). This
writer tests the data against typical sapwood basic densities and also effects of using “SVV”
values (Section 12.5.4, Chapter 12), as he has demonstrated that “vessel void volume” is
a dependent function of density.
2. using similar premises, data in Table 2 is compared to  estimate whether the
measured uptake exceeds either the calculated total vessel cavity retention or whether there
is a significant proportion contained in fibre tissues.
3. There was an excessive influence of the single method of measurement on the results
obtained in the critical  data of vessel area and count.
(a)  For all species used, basic densities of samples were more typical of mature
heartwood than sapwood. When heartwood values are used in calculation of void volumes
(figure 12 of his report), a value significantly lower is obtained than if it was based on
sapwood basic densities (a factor of 0.8 for sapwood [Section 12.3, Chapter 12] value of
heartwood). This is demonstrated by the range in theoretical creosote uptake, for the total
void volume,  between mean and 95% probability lines in that figure 12 and where the lower
range of density is more typical for sapwood in pole sizes in coastal spotted gum.
(b)  Rudman recognised the importance of vessel cross- sectional area in liquid
penetration of the timber.However, his sampling for vessel dimensions was limited to
cutting out vessels from one or two micrographs (x 80) per species. This sampling is
considered insufficient for estimation of the mean vessel diameter or cross-sectional area
(critical in the evaluations, eg. Tables 2, 3).
(c) in Table 2 of that report, the analysis as to whether the impregnant has penetrated
past vessels is based on a comparison of theoretical uptake of creosote in vessel cavities,
as quoted, to the measured uptake. If that has occurred, the percentages of total void volume
which are required exceed vessel cavity percentages of that total.
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(d) Rudman’s specimens were not treated “to refusal”.  However, when total void
volumes were calculated by the present writer on basic densities and applied to Rudman’s
Table 2, uptake of water and chloroform [cf. (h) below] represented high percentages of the
total void volume, but the other material (hot wax) as used in those studies showed
percentages within vessel cavity percentages of total void volume (cf. Table 2 - Parts A, B
and C).
(e) In spotted gum, Rudman indicated that wax, used as a surrogate for creosote, did
not penetrate some vessels adjacent to the heartwood. Occurrence of the “outer heartwood”
phenomenon is described in Chapter 8 and would affect estimates made by Rudman of the
penetration of creosote. One important consequence is in application of vessel cavity data
(Table 2) for comparison of uptake.
(f) For spotted gum, the assumptions made of uptake as a function of total void volume
(figure 12, equation, p. 7) are at variance with;
(f.i) statements and conclusions in the text of that report drawing attention to very small
values possible for that species and citing commercial difficulty in the retention of creosote
of 12 lb./ cubic foot (192 kg/m3).
(f.ii)  for “slightly less density than the species average” for treatment to refusal,
commercial retentions for sapwood varied with moisture content, but for moisture contents
of the same order as in this study,  they were  (14 lb./ cubic foot at 15% mc, 12 lb./ cubic
foot at 20% mc) significantly above those which could be achieved in the nominated vessel
cavities, as reported in Tables 2, 3 (4.9 and 6.7 lbs./c.ft., respectively). To be completely
filled, a treatment to refusal is necessary.
As species basic densities were (p. 6) measured, those density values [cf. (a)] are used
to determine retention.
The only other reference figure utilised in the paper is  “total vessel area” (mean area
x count), expressed as a percentage of the total wood volume. If vessel volume was sole
criterion of uptake and as this paper demonstrates a significant absence of creosote from
fibres, to attain an uptake quoted for commercial results (eg. 14 lb./cubic foot), it would be
necessary that the “total vessel cavities” would need to be about twice the values cited in
either Table 2 or Table 3 [cf. (k) below].
(g) The variations may be reconciled, if basic densities are accepted, not only on at least
a significant increase in “total vessel cavities”, but acceptance of the fact that “vessel void
volume” is a percentage of the “total void volume” (Section 12.5.4, Chapter 12) and is a
function of density, or, as preferred by this writer, of the “specific volume” of timber and
where the latter has the conventional value of “the inverse of density per unit volume”.
Applications of the terms “Specific Vessel Void Volume, SVV”, and “Specific Void
Concentration, Sc”, expressing the relationships,  are examined in Table 2 - Parts B and C.
(h) These analyses show that the hot wax uptake does not exceed vessel cavities, either
in volume (as equivalent creosote) or as a percentage of total void volume. Water results
show movement occurs outside of vessels. For the chloroform, only species 2 indicates a
possible movement of the impregnant beyond vessel cavities, but its results for the other
species are considered inconclusive.
(k) when the commercial uptake at 15% mc, of 14lb./cubic foot is assumed approxi-
mately equal to that at 12% mc, an “SVV” of 0.24 is calculated. This is of the same order
as is quoted by this writer of 0.25-0.32 for sapwood in “coastal” spotted gum of pole sizes.
Using the basic density as in the report, the equivalent total “vessel volume”, as used by that
author, increases to 18% for this species as compared to values of 8.2 and 11.4 listed
respectively in Tables 2 and 3.
Author’s note; attached Tables 2 (A,B,C) and Table 3 are based on that paper, but with
expansions in the data.
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Rudman - Table 2 (Part A)
Distribution of impregnant for total vessel volume
species total vessel equivalent mass [a]
B.D. volume % [e] uptake [b] at s.g. of;
no [c] table calc. creo wax chlor water
[d] 0.95 0.86 1.499 1.000
1 32 12.6 17.48 10.38 9.38 16.35 10.91
(512) (10.38) (10.38)[h]
1a experimental retention [f] 14 21 28
1b nominal tissue retention [g] 3.62
2 38 14.4 19.72 11.71 10.58 18.48 12.31
(608) (11.71) (11.71)[h]
2a experimental retention [f] 17 24 -
2b nominal tissue retention [g] 5.29
3 38 11.5 15.40 9.15 8.26 14.41 9.61
(608) (9.15) (9.15)[h]
3a experimental retention [f] 14 - 24
3b nominal tissue retention [g] 4.85
4 49 8.7 12.60 7.48 6.76 11.79 7.86
(784) (7.48) (7.48)[h]
4a experimental retention [f] 8 10 28
4b nominal tissue retention [g] 0.52
notes;
[a] reported as lb. / cubic foot based on calculated vessel volume as percent of total volume, determined
for respective specific gravities shown for impregnant.
[b] equivalent creosote uptake for wax and chloroform shown in brackets, based on creosote specific
gravity.
[c]  B.D., basic density lb./ cubic foot.
[d] basic density kg/ m3 (in brackets).
[e] calculated from number of vessels and mean cross-sectional area (mm2), reported as percent of total
volume.
[f] experimental uptake reported as lb./ cubic foot of equivalent creosote for wax and chloroform only.
[g] calculated nominal tissue retention based on wax, expressed as creosote (cf. result - Table 2, Part B).
[h] equivalent uptake reported as creosote.
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Rudman - Table 2 (Part B)
Analysis of experimental uptake (Part A) to determine if
liquids, including hot wax (90 deg. C.), penetrated into
tissues other than vessels.
species “SVV” possible uptake [a] [d] [e]
[b] [c] of impregnand at specific
gravity, and density shown.
creo wax chlor water
0.95 0.86 1.499 1.000
59.4 53.66 93.54 62.4
1 0.3414 20.28 18.32 31.93 21.30
1.a equivalent creosote 20.28 20.28
1.b exptl. result   “ * 14 21 28
1.c retention in tissue ** 0.0
2 0.3243 19.26 17.40 30.34 20.24
2.a equivalent creosote 19.26 19.26 -
2.b exptl. result  “ * 17 24
2.c retention in tissue ** 0.0 -
3 0.2533 15.05 13.59 23.69 15.81
3.a equivalent creosote 15.05 15.05
3.b exptl result  “ * 14 - 24
3.c retention in tissue ** 0.0
4 0.1607 9.55 8.62 15.03 10.03
4.a equivalent creosote 9.55 9.55
4.b exptl. result “ * 8 10 28
4.c retention in tissue ** 0.0
notes; [a] expressed as lb./cubic foot based on “SVV”.
[b] species as cited in previous table 2 data.
[c] “SVV” calculated in Table 2 (Part C)
[d] uptake expressed in terms of material impregnated.
[e] for equivalent creosote, conversion by ratio of the respective gravity for each material, other than
water.
* experimental result for wax and chloroform reported by Rudman as equivalent creosote (lb. / cubic
foot).
** retention in tissue calculated for wax only, as is shown in original data (Rudman, 1965). For water, it
appears uptake was into tissue for all species, but,for chloroform, only species 2 suggests tissue uptake.
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Rudman - Table 2 (Part C)
Analysis based on Table 2 of total void volume / species
as in Table 2, and the specific vessel void volume which
is also expressed as a percentage of total void volume.
(each expressed as a decimal value of wood volume).
species total [a] “SVV” void [b] “SVV”
no s.g. vessel [d] volume ———
[c] area “V V” “V V”
mm2 percent
 1 0.512 17.48 0.3414 0.60 56.9
(0.65) (52.5)
2 0.608 19.72 0.3243 0.52 62.37
(0.58) (55.9)
3 0.608 15.40 0.2533 0.52 48.71
(0.58) (43.67)
4 0.784 12.60 0.1607 0.38 42.29
(0.46) (34.93)
notes;
[a] product of number of vessels (per mm2) and mean cross-sectional area of vessels (mm2)
[b] Void volume determined as at 12% mc., and separately determined using formulations of Maclean
(1935, 1952) and Siau (1984), and mean taken. Results based on the formula cited by Rudman are shown
in brackets, and with corresponding values in the percentage data.
[c] expressed on basic densities (table 2) and all calculations determined accordingly.
[d] “SVV” expressed (refer Chapter 12) as; SVV  = (total vessel area [mm2]) / B.D. where the latter
(B.D.) is expressed as mg / mm3,calculated on basic density and not on air dry (12%).
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Rudman - Table 3
Data as shown and including possible creosote uptake
based on specific vessel void volume, “SVV”, and
concentration “Sc” (only species mean data shown).
species total calculated uptake “SVV” possible
no. B.D. vessel (as creosote)[a] [g] creosote
[b] volume sp.gravity 0.95 [h] uptake[a]
[d] % [e] Rudman [c][g]
[g] [i]
1 31.9 16.9 9.5 0.3314 19.68
(510)
[408] [0.4142] [24.68]
2 33.9 13.6 8.1 0.2509 14.90
(542)
[434] [0.3137] [18.63]
3 43.5 21.9 13.0 0.3147 18.69
(696)
[557] [0.3932] [23.36]
4 49.3 11.4 6.7 0.1445 8.58
(789) [f]
[631] [0.1807] [10.73]
notes;
[a] expressed as lb. / cubic foot as creosote.
[b] basic density as lb. / cubic foot at 12% mc.
[c] calculated on species “SVV” (Table 2 C) as creosote.
[d] density as kg / m3, based on [b]. Density data suggests material is of mature heartwood specimens.
[e] expressed as percentage of total volume.
[f] this corresponds to “inland”, slow grown, mature spotted gum from Central Queensland. A more
typical value for”coastal regrowth” pole material is between 0.25 and 0.32.
[g] comparative values shown in [brackets] based on the typical sapwood / heartwood density ratio of
0.8.
[h] “SVV” = Total vessel area/ basic density.
[i] “Sc” based on “SVV” data and  the creosote specific gravity.
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Appendix 30B
THEORETICAL DISTRIBUTION OF CCA SALTS AS A FUNCTION OF
WOOD STRUCTURE. RELATIVE LEACHING OF SPOTTED GUM POLES.
Table 66
Effect of penetrated cell dimensions of angiosperms and
gymnosperms on relative site of deposition and reactive
sites for CCA multisalt preservatives. (1) (m)
line angiosperms gymnosperms
no. measurement value measurement value
1 mean retention 0.01619 mean retention 0.02429
(mg/mm3) (mg/mm3)
2 vessels - % of 36 tracheid -% of 95 (x)
total volume total volume
3 vessel tracheid
length mm 0.65 length mm 4.26
4 vessel tracheid
dia. mm 120 x 10-3 dia. mm 25 x 10-3
5 ratio diam./ ratio diam./
length 0.1814 length 5.87 x 10-3
6 average number average number
vessels / mm2 15.55 tracheids/ mm2 193
7 vessel cavity tracheid cavity
volume c.mm. volume c.mm.
(x 10-3) 7.348 (x 10-3) 2.091
8 vessel internal tracheid internal
wall area mm2 wall area mm2
(x 10-3) 244.92 (x 10-3) 334.41
9 average retention average retention
/vessel -mg. (a) /tracheid- mg.
(x 10-3) 0.104 (x 10-3) 0.125
10 vessel internal wall tracheid internal wall
area / unit salt mass area / unit salt mass
mm2/mg (a) 235.274 mm2/mg 2675.28
(line 8/line 9) (line 8/line 9)
11 salt mass/ unit salt mass/unit
vessel volume tracheid volume
ug/mm3 141.67 ug/mm3 59.78
(line 9/ line 7)(a) (line 9/ line 7)
12 ratio of surface area / unit salt mass
for gymnosperms / angiosperms 11.37
(line 10) (a)
13 ratio of salt weight / unit volume
for gymnosperms / angiosperms (a)
expressed as percent (line 11) 42.19%
notes;
(1) using experimental retentions as in (a.i, a.ii).(m) structural data based on Browning (1963).
(a.i) value for angiosperms of 16.19 kg/m3 based on a mean (post-treatment) sapwood retention
(analysis) of 12 eucalypt poles (Table 39a, Appendix 18) [increased   (Chapter 15) due to soft rot
problems].
(a.ii) value for gymnosperms of 24.29 kg/m3 based ondata discussed in Section 12.4.2.i (Chapter 12).
(a.iii) initial softwood retention (line 1) is about50% increase to that for the hardwood. This ratio is
emphasised by values determined in lines 9 to 13. (x) Browning’s (1963) value of 92.5% approximated to
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95% for use in calculation.
Appendix 30B
Table 67
Leachability by Soxhlet extraction (60o C.) of wood meal
(40-60 mesh) ground from plugs from eucalypt poles (1)
after 6 years in-ground service- residual CCA multisalt.
no. mean hrs mean (a) % m/m. component % m/m
den. leach Cu (2) Cr.(3) As (4) total
kg/m3 (b) (c) (d) salt
6 954.72 0 0.53 0.65 0.38 1.56
25 0.28 0.53 0.17 0.98
50 0.22 0.53 0.13 0.88
75 0.21 0.55 0.11 0.87
% residual 39.62 84.62 28.95 55.77
(based on “0” hours
value)
component 0 hr 33.97 41.67 24.36
balance 25 hr 28.57 54.08 17.35
at hours 50 hr 25.00 60.23 14.77
leached 75 hr 24.15 63.22 12.64
nominal (e) proximate component
balance 32 40 26
notes;
(1) sampled above ground for leaching. poles fully exposed to climate during 6 years service.
(2) Cu = copper sulphate pentahydrate. (32)
(3) Cr = sodium dichromate dihydrate, based on total chromium in specimen.  (40)
(4) As = arsenic pentoxide dihydrate.  (26)
(a) based on analysis of separate specimens after  leaching for times cited. Results reported on o.d.
basis.
s.d. of analytical methods.
(b)  s.d.  +/-  0.02%  m/m  (copper salt)
(c)  s.d.  +/-  0.04%  m/m  (chromium salt)     (d)  s.d.   +/- 0.03%  m/m  (arsenic salt)
(e) Nominal proximate percentage in formulation shown, also in brackets against components.
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Appendix 31
REPRESENTATIVE MOISTURE CONTENT LEVELS (6) IN QUEENSLAND
COMMERCIAL TIMBERS
Species Moisture Content Level (1)
(6) Initial    Stable Green Commercial
mc. mc (x) Max.(x) (z)
Coastal  Zones
Mature Eucalypt 70-80% 40-50% 40% +/- 5
type (2)(4)(5) max.
“Regeneration” 80-90% 40-50% 40% +/- 5
Eucalypt type (3)(4)(5)
(used for poles)
small girth
saplings (l)
(fence posts) to 100% “ “
Inland and
Dry Zone
Mature eucalypts 50-60% 35-45% 40% +/- 5
types (2)(4)
Rain Forest Species.
Regular “Sapwood” 95% 58%(b) 63 % all
Depth, density range (4)(a) rainforest
490-960 (mean 764) species (z)
Rain Forest Species
Deep or Irregular 89% 70%(5) “
“Sapwood”, density (a) (b) (z)
range (4)
400- 800 (mean 600)
Plantation softwoods
stems < 30 yrs. >120 50-60 variable
(eg. slash, hoop, (f) (f) (z)
kauri pines) (g)
mature (h) (m) 70-90 50-60 “
“fence post” size > 150 50-60 “
Author’s note; this data continually updated in terms  of the original publication (Cokley and Smith,
1965b).
Notes;
1. Determination of the moisture contents by oven dry methods and confirmed by sample boards from
logs which had been drying for varying times.
2. Density (air dry) range 800- 1100 kg/m3, generally in 800 -  900 kg/m3 range, dependent on site.
3. Density (air dry) typically 700-800 kg/m3.
4. Density on air dry basis kg./m3.
5. Term includes wet schlerophyll species.
6.includes Northern N.S.W. species and products.(x) Based on drying of freshly fallen logs and also of
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sawn material, including treatments, sampled from logs seasoned over  4 - 6 weeks (and longer
periods).(a) initial varies with density, growth conditions, mean as shown. Some low density species
attain standing tree moisture content levels of > 150%.
(b) Low densities species, such as white cheesewood, freshly sawn after falling, will exhibit mc levels up
to and above, 100%, but exhibit initial fast drying rates.
(f) varies with site, frequently measured to about 80% and recorded treatable to 60% mc.
(g) typically less than 1.5 m centre girth.
(h) mature plantation and virgin stand material, the latter including bunya pine as well as the above. For
large girth N.Q. kauri pine (about 8m centre girth),moisture contents were of the order of < 60% mc.
(l) low density (< 700 kg/m3), fast growth material less than 0.5 m girth.
(m) particularly in virgin hoop pine logs, pathological conditions of unknown cause will result in
heartwood exceeding the above values. For “Sinker” pines, as they are termed, the writer has recorded
moistures over 100% and which remained for extended storage periods.
(z) suitable moisture content at time of treatment was a function of preservative and required retention.
Appendix 32
Table 68
THE CALCULATED “SPECIFIC VESSEL VOID VOLUME, (SVV)” OF
SELECTED AUSTRALIAN TIMBER SPECIES AS BASED ON AVERAGE
PORE COUNT (20mm2), AVERAGE VESSEL DIAMETERS (MICRONS)
AND MEAN AIR DRY DENSITY (kg/m3 at 12% mc). (x)
no. species (1) den. count diam. SVV
(a) (b) (c) as % (d)
1  Aleurites moluccana 465 55 230 24.39
2  Angophora lanceolata 930 145 213 28.36
3  Cedrela toona var. 450 70 288 50.29
australis
4  Grevillea robusta 640 100 238 34.55
5  Orites excelsa 640 300 117 25.05
6  Panax elegans 480 650 93 45.42
7  Schizomera ovata 640 300 96 16.82
8  Brachychiton
acerfolius 400 80 197 30.28
9  Argyrodendron
  peralatum 880 120 218 25.26
10 E. bancroftii 1010 180 148 15.22
11 E. corymbosa 1010 150 208 25.08
12 E. crebra 1090 455 138 30.94
13 E. dives 800 160 235 43.05
14 E. gigantea 656 100 317 59.70
15 E. maculata (*) 816 100 260 32.30
16 E. obliqua 768 105 223 26.43
17 E. paniculata 736 250 143 27.02
18 E. pilularis 930 140 320 29.71
19 E. tereticornis 1010 220 205 35.69
notes;
(x) after Dadswell et al.(1932, 1934, 1935) and Cummins and Wilson (1934, 1935), Cause et al.(1974).
(1) Nomenclature revised in terms of AS 2543—1983.
(a) density kg/m3. (b) pore count “P” / 20mm2.
(c) microns, “d”. (d) SVV = Specific Vessel Void Volume, refer text.
(*) published variation to 26.04 % (refer text).
Short form for SVV = ([P.d2] x 0.039 /{Density (mg/mm3}. Refer text.
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Appendix 33
APPLICATIONS OF THE CONCEPTS OF “SPECIFIC VOID VOLUME” AND
“SPECIFIC VESSEL VOID CONCENTRATION”.
Case 1. Determination of maximum probable absorption of an oil preservative in
spotted gum, E.maculata.
Assume the oil relative density “R.D.” is 0.900. Using the data for E. maculata
(Appendix 32);
SVV = 0.3230
Hence maximum  Sc = (0.9 x 0.3230)         (33.1)
= 290.7 kg/m3
In practice, for this species and dependent on its source,absorption ranges from about
220-250 kg/m3.
Case 2. Evaluation of effectiveness of penetration based on calculated Sc.
Assume the data in Case 1 for spotted gum, E. maculata.
However, assume the specimen after treatment was found only to contain only 180 kg/
m3, then;
Sc % = {0.180 /(0.3230. [R.D.])} x 100     (33.2)
and  Sc   = 61.92%
Here “Sc” is used to indicate if a timber specimen is typically penetrable or,
Case 3. Comparison of source effect on treatability of a species (Chapter 3), which may
include physicochemical  resistance eg. wettability [Appendix 15].
Specimens from each source are measured and the “SVV” calculated. Material is
treated by a standard schedule (three charges). The “Sc” is determined and compared to
calculated values. If a high density is the main cause, schedules are amended, but if porosity
(count and size) are low, solution concentration may be increased. For a low density, or high
porosity, reverse action is taken.
Appendix 34
THERMODYNAMIC RELATIONSHIPS OF SIGNIFICANCE IN OPEN TANK
THERMAL PROCESSES FOR PESERVATIVE TREATMENT OF TIMBER.
Definition of “Specific Gravity” in Thermodynamics.
For many studies on timbers, typified in Chapter 12, the term “specific gravity” is not
equivalent to “density”, with the latter cited at a defined, or nominated moisture content. For
those applications the “specific gravity” is generally based on oven dry mass and swollen
volume, thus equating in SI units to the “basic density”.
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In thermodynamic calculations this does not generally apply and the term is defined
as the “specific gravity at a nominated moisture content” and is thus equivalent to the normal
term of “density” defined above. For any specimen oven dry density is constant and
moisture content is the significant variable.
1. Specific Heat Capacity, “c”, of Wood.
This is defined as quantity of heat required to raise the temperature of 1 gram of a
material through 1 degree C.
In the general equation;
Q = w.c (dto)                   (34.1)
where;
Q  =  total heat input required.
w  =  mass of wood (gms).
c  =  specific heat capacity of wood.
dto = temperature rise of the material     (degrees C.).
when;
w = 1 gram
and dto = 1o C.
then;
Q = c                              (34.2)
For wood, or any absorbent material, “w” is a function of moisture content (see below)
and density.
Additional to preservation, the writer used specific heat (and the other units) for many
applications, including;
i.   radio frequency gluing, especially of laminates.
ii.  determination of thermal data for the manufacture of plywood by “hot press”
methods.
iii. kiln design (sawn timber and veneer).
Theoretically, specific heat is independent of species and is dependent only on mass
(cf. “Diffusivity”, Section 13.9, Chapter 13). In practice, greater total heat input (for the
system   losses) is required than is given by the formula (34.1). Values of “w” include
moisture content and specific heat capacity “c” is a function of the board moisture content.
Pound (1951) discusses use of a formula devised by Kollman, based on moisture content
“m”, namely;
c = (m + 32)/ (m + 100)                (34.3)
Author’s note; compare equations in discussion by Kollman and Cote (1968), where
an equivalent type of relationship is derived.
This equation gives limiting values of 0.32 - 0.66 for “c” over moisture contents from
oven dry to 100% mc.
For oven dry wood, Stamm (1964, pp. 283-293) establishes the relationship between
temperature of measurement and specific heat capacity at 0o C. For these he defines;
c = 0.266 + 0.00116t                  (34.4)
where;
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0.266 = value of specific heat capacity at 0o C.
t = average between the temperature of measurement and 0o C.
c = specific heat capacity at measured temperature.
Based on Dunlop (1912, s.n.r.), he cites a value of 0.327 +/- 0.005 (cf. value of 0.32,
equation 34.3) as the mean of 100 samples of 20 species measured over a temperature range
of 0o-106o C. This (equation 34.4) confirmed data which the writer had amassed on heat
demand (and rate of change), varying with temperature.
2. Thermal Conductivity “k”.
A series of formulae is applicable.
(a) Equations quoted by Stamm (1964) relate total heat, dimensions of the section,
temperature, specific gravity, and moisture content and have been expanded to a range of
applications by the writer. As some specific statistical formulae were derived by Stamm in
British units and were applied by this author in that form, it is appropriate to quote them and
to indicate their use in subsequent derivations by the author (cf. Sections 4, 5, this text).
Author’s note; though in this discussion, including data derived in Sections 4 and 5,
the relationships are based on differences between surface and “core” layers in the same
board, the same relationships exist and are used in terms of differences between separate
boards or veneers. For the cases of separate boards or veneers, values of units apply to mean
cross-sectional measurements, which include moisture contents and wood density.
i. differential calculus.
ii. simultaneous equations based on research published by Clarke and Kingston (1950,
not referenced in this text). These latter workers were respectively research officer, and O/
C, Timber Physics Section, Division of Forest Products, CSIRO. They advised this writer
in a number of areas of timber physics.
(a.i) General Equation.
k = (Q . x) / (A . T . t)              (34.5)
where
k  =  thermal conductivity.
Q  =  total heat.
x  =  thickness of section.
A  =  area of crosssection.
T  =  temperature difference between the faces.
t  =  time.
Note; conversion of imperial to cgs units = 0.000345.
A technique, using that equation, could be utilised with a “single daylight” hot press
(0.3m square), installed in the author’s laboratory for research into aspects of plywood
production. It was electrically heated, with each platen separately temperature measured.
The large mass of  each platen was equivalent to a “heat source” of an infinite capacity
relative to demand.
(a.ii) Relation between “k”, Specific Gravity “sg” and the fractional void volume “V”
(in English units).
k = 1.503sg + 0.165V                   (34.6)
where;
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“V” =  Void Volume and is a dependent function of  the  moisture content.
    sg  =  specific gravity of specimen at test.
When V is zero, “k” has a limiting value of 1.503 (sg).
These and related formulae (34.7, 34.8 and derivatives) differed from those developed
by Maclean (1941) and which are discussed by Kollman and Cote (1968). The differences
were due to an absence of the term “V” relating to Void Volume and difference in the factor
for “sg” in Maclean’s formulae and, as described by Kollman and Cote (1968), for which
calculated constants led to the equation (using the symbols in this text) as;
k = 1.39 (sg) + 0.165                 (34.6a)
The inclusion of void volume in relationships for “k” was supported by Siau (1984)
and was found by the writer to be justified (cf. equations 34.15, 34.16 and derivatives) in
studies (cf. Section 5 below)  caused by variations in  wood density, moisture contents and
the related (Sections 12.2, 12.3, 12.4, Chapter 12) void volumes in timber.
Using equation (13.6), Stamm (1964, p.286) demonstrates  influence on thermal
properties of “contained” (Chapter 14) air spaces in wood. As he states that equation (34.6)
is only proximate (adequate for general use), two further equations were nominated by him.
They are;
(a.iii) Relationship between “k”, “sg”, moisture content “m”, and “V” below 40% mc.
In this and similar equations, “m” is expressed as a fraction and not as a percentage.
k = 1.503 . (sg) +  2.8. m . (sg) + 0.165V    (34.7)
k = 1.503 . (sg) + 3.8. m . (sg) + 0.165V     (34.8)
where 2.8 and 3.8 are empirical values (in English Units) of “Kw” (where “Kw” is the
thermal conductivity of water) for those moisture content ranges.
(a.v) Stamm (1964) calculates relationships of “k” at oven dry condition, at FSP, and
at saturation point. For wood with a “dry volume” specific gravity, “sg”, of 0.4, he calculates
“k” has the following values:
ko =  0.72 Btu/ft
2 /hr/ F/inch        (34.9a)
kfsp  =  0.92  “  “    “  “   “          (34.9b)
ksat =  3.31  “  “    “  “   “          (34.9c)
where fsp = fibre saturation point.
Corresponding values of “k” (AS1376-1983) for the above moisture contents are;
ko = 0.103843 W/m.K
kfsp = 0.132689 W/m.K
ksat = 0.477391 W/m.K
3. Joel’s (1971) expressions of Conductivity.
(i) the Fourier general equation (applicable to a steady state condition). Typical use is
heat transfer through a pipe to an external solution or medium.
Q = [k.A (t1 - t2)] / x                (34.10)
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where k, Q, A, x, have meanings as in equation (34.5).
t1 = inlet face temperature. t2 = outlet face temperature.
(ii) When heat is penetrating a composite section of “n” layers, each of thickness
“x1....xn” and with “k” values of “k1....kn”, then;
Q  =  A (t1 - tn+1) / sum (x/k)       (34.11)
4. The Thermal Capacity “C”, and Diffusivity “a”.
4.i. A further unit, Thermal Capacity “C” of unit volume of a substance, is the quantity
of heat required to raise the temperature of such unit volume through 1 degree C.
Let the total heat, “Q”, enter a body of crosssection “A” and having a series of layers
of thickness “x1...xn” and of equal values of “k”. Then a quantity of heat “q1”, “q2”... “qn”,
is required to raise the temperature of the volume of each layer (“A”.”x1").....(“A”.”xn”).
As “C” relates to one degree rise in temperature, then;
Qn =  A.xn.C                      (34.12)
where “xn” equals the thickness of section.
From eqn (34.1)
Q = w.c.(t1 - t2)
as w = A.x.sg
and when (t1 - t2) = 1
then           Q  = Qn
It can be shown that;
(sg).(c)   = C                         (34.12a)
4.ii. A term “(k/C)” is defined as the “Diffusivity” and is denoted by the term “a”
(MacLean, 1930, McGlashan, 1971). Based on combination of “k” with equation (34.12a),
the writer had (cf. Section 13.9, Chapter 13) developed a relationship;
a = (k) / (sg).(c)                     (34.13)
Kollmann and Cote (1968), Siau (1984) separately derived this relationship.
Equation (34.13) may be written as;
a = (k). (S.Vsp) / c              (34.13a)
where “(S.Vsp
5. Importance of Void Volume, “V”, of timber in thermal calculations.
The Void volume, “V” (Chapter 12), is highly important in preservation, but its role
in thermal relations has not been fully recognised.
5.a Assuming no change of structure, the limiting values are at the outer surface and
at the  centre (or “core”) of a board (cf. authors’s note, Section 2.a re application of these
The relevant equations under discussion (34.14 - 34.16) emphasise a strong need
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(Chapter 12) for more accurate measurements for timber above FSP in the higher moisture
content region (Chapters 7, 12) which is termed “green” and which is described by this
writer as “indeterminate” (cf. Section 12.5. Chapter 12). In addition they;
i. stress the need for limits on variations of “sg”, or density, in a “charge” of timber
being treated (Chapter 12).
ii. indicate need for knowledge of density variations (Chapter 12) which may occur
(Chapter 3) within a species from random sources.
5.i. If “m1, “sg1” and “m2”, “sg2” are the respective moisture contents and specific
gravities for the outer surface or “case” and “core” values in a board, then;-
(a) “ml” is typically less than “m2”, and
(b) “sg1”  is less than, equals, or exceeds, “sg2”.
Let “ca”, “cb”, “ka” and “kb
for board “surface” and “core” respectively.
If “Va” and “Vb
cb - ca = [68 (m2 - m1)] / (m1 +100)(m2 +100)   (34.14)
If (Section 5) in the specimen, the moisture gradient is zero, or if the specimen is at
saturated, or zero (o.d.), moisture content;
(i) m1 =m2 and (ii) ca  = cb           (34.14a)
from equations (34.7), (34.8);
for moisture contents below 40%;
kb - ka = [1.503(sg2 - sg1) + 2.8 (m2.sg2 - m1.sg1)] - [0.165(Va - Vb)] (34.15)
and for moisture contents above 40%;
kb - ka = [1.503(sg2 - sg1) + 3.8 (m2.sg2 - m1.sg1)] - [0.165(Va - Vb)] (34.16)
In equations (34.15), (34.16), it will be noted there is a change of sign in the term
involving the Void Volumes, “Va” and “Vb”. Fractional void volume decreases with
increased moisture content and, because of the moisture gradients, “m1” is less than “m2”.
This causes  “Va” to be larger than “Vb”, and the term (Vb-Va) becomes negative. This
difference within the thickness of timber necessitates an allowance for commercial
practices which (Chapters 7, 12, 13) use cross-sectional value for board moisture content.
For hardwoods, the terms (Va and Vb) are very important in relation to preservative
retentions. Theoretically, for both the gymnosperms and angiosperms, when moisture
contents are above fibre saturation point, (Va - Vb) may be relatively very small.
This writer (Chapter 12) demonstrates the differences are significant functions in
terms of moisture content. However, as specific heat and thermal conductivity of air are
both  significantly lower  than the values for either water or timber substance, the above
equations are valid as a first order approximation.
5.i.i. Special conditions relate to;
(a)  the fibre saturation point, FSP, condition or,
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(b)  uniform moisture content (not zero) fractions or,
(c)  uniform values of “sg” or,
(d) if moisture content fractions “m” are equal, or zero  (o.d.), and specific gravity
values “sg” are equal.
5.i.i.(a)  fibre saturation point, FSP.
By definition (AS 01- 1964), fibre saturation point is the condition where the cell
cavities, including vessel lumina, are free of moisture in a liquid phase (Chapters 7, 12). It
is the nominal point at which no dimensional changes (excepting “collapse” {AS 01 -
1964}) occur. It follows, that, at a uniform FSP, (Va - Vb) is nil, or very small,  and assumed
non-significant in calculations. Thus, at FSP, assuming a negligible moisture gradient is
present and an equal “sg”  through the board thickness, equation (34.15) may be approxi-
mated to;
kb = ka                        (34.15b)
For commercial practice, other than  very thin sections, exemplified by veneers,
moisture gradients may exist.
5.i.i(b). For m1 = m2 = m, but not equal to zero,
kb - ka  = {[(1.503 + 2.8 m).(sg2 - sg1)] + 0.165 (Va - Vb)}              (34.15c)
Values of “V” are dependent on values of “sg”, and thus may not be equal. This
extension is also applicable to equation (34.16), using the relevant factor of 3.8.
5.i.i.(c) when sg1 = sg2, both equations (34.15), (34.16) reduce to;
i. moisture contents below 40% mc.
kb - ka  =  2.8.sg.(m2 - m1) - 0.165(Va - Vb)   (34.15d)
ii. moisture contents above 40% mc.
kb - ka  =  3.8.sg.(m2 - m1) - 0.165(Va - Vb)   (34.16b)
5.i.i.(d) moisture content values “m” are equal, or zero                                            (o.d.),
and values of “sg” are equal, then;
ka - kb  = 0.165(Va - Vb)         (34.17)
For this, value of (kb - ka) is reversed and,
as “Va” = “Vb”, then;
ka = kb                             (34.17a)
For that condition, other that thin veneers, typically a specimen, of uniform density,
is completely saturated, or is in an oven dry state. Alternatively it was  stabilised in a
constant humidity atmosphere for a time sufficient  to reach total moisture equilibrium
through the section.
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Appendix 35
TABLE 69
Variation of Specific heat capacity with
temperature and moisture content. (x)
(based on Pound, 1951 and Stamm, 1964)
temp. Specific heat at moisture content of;
C. o.d.(1) 25(a) 50(a) 75(a) 100(a)
0 0.266 0.412 0.511 0.580 0.633
10 0.272 0.417 0.515 0.584 0.636
20 0.278 0.422 0.519 0.587 0.639
50 0.295 0.436 0.530 0.597 0.648
60 0.301 0.441 0.534 0.601 0.651
70 0.307 0.446 0.538 0.604 0.654
80 0.312 0.450 0.541 0.607 0.656
90 0.318 0.454 0.545 0.610 0.659
100 0.324 0.459 0.549 0.614 0.662
mean(b) 0.297(1) 0.437 0.531 0.598 0.649
formula 0.320(2) 0.456 0.547 0.611 0.660(2)
calc.
notes;-
(1) calculated on formula (4), Appendix 34 (see text).
(2) all data on line calculated on formula (3), as discussed in Appendix 34 (see text).
(a) calculated on heat requirement of oven dry wood plus contained water at specific gravity of 1.000, for
each listed temperature range.
(b) there is a small, but measurable, positive increase with temperature.
(x) recorded-imperial units; conversion (AS 1376-1973) 1 Btu/lb. per degree F.= 4.1868 kJ/m3 per
degree K.
Appendix 36
DESIGN OF EXPERIMENTAL SYSTEMS USED IN RESEARCH ON THE
EVACUATION OF A SYSTEM AND TIMBER SPECIMENS.
Systems (Chapter 14) used during laboratory research are shown in Diagrams 3a, 3b,
3c and Plate 4. As such, only their unique aspects, or precautions, are described here. Test
procedures are described in Appendix 37.
Author’s note; industry co-operation was freely given to the writer for conducting any
research on vacuum pressure plants. That co-operation was availed of during aspects of
research programs, particularly for subsequent plant design and modifications, as described
in Chapter 14.
1. Design Requirements (see separate systems below).
1.i. Precautions in the effective use of “QF” industrial glass assemblies in de-aeration
(evacuation) research.
It was apparent (Chapter 14) a visual means of assessment would be  desirable in the
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proposed studies. This led to utilisation of industrial scale “Quickfit” assemblies. For
accurate measurement of vacuums, other than studies with system 3c (described below), in
experimental systems  where solution was used in tests, the writer found it was  essential
to incorporate high-vacuum quality “QF” one-way valves (between outlet point and the
manometer or gauge) in connecting lines.  Those precautions extended to his subsequent
research (but not including the plant gauges) under commercial plant operations in industry.
For those,  additional precautions were necessary to isolate (by  substitution of pressure
valves) manometer units prior to initiation of cycles using applied hydraulic pressures
above atmospheric. As later discussed,  studies in the laboratory (system 3b) led to
precautions (and to design amendments) in plants where an “air pocket” was detected in
commercial cylinders.
1.ii. System 3b would require facilities for an adequate variation in both specimen
length and cross-section, for multiple vacuum and temperature measurements (including
internally in specimens), quantified flow rates of air and solution as well as ability to vary
the conditions.
That included controlled rates of solution admission and usage. Requirements in-
cluded the  measurement of time for attainment of equilibrium of applied vacuums (and
effects of  vacuum pump capacity) for both system and specimens. For other than applied
pressures (above atmospheric), the pilot unit should  bear scale relationships to commercial
units and be adjustible in ratios, eg. pipe diameters.
1.iii. For studies in systems 3a, 3b, 3c,  thermocouples, thermometers and manometers,
were all inter-calibrated against a certified reference thermometer, or manometer, respec-
tively. The ambient temperatures and pressures were noted.
1.iv In particular, systems designed should enable the writer to develop valid
laboratory models to compare with evacuation data given using commercially available
vacuum pump capabilities and with relationships to local species as well as to examine the
efficacy of possible changes in plant design.
1.v. A suitable air “flowmeter” and an associated water trap should be incorporated
before the vacuum pump.
1.v.i.Selection of diameter/ duct ratios for “flowmeter” in systems 3a, 3b.
Separate studies were made into the optimum design for the “flowmeter”. They ranged
from glass test tubes with small internal diameters (25mm) to larger units, with a Buchner
flask (250 or 500cc capacity) finally selected. Unless an internal “flowmeter” diameter was
significantly greater than that of the duct, rate of air flow through the meter was too fast to
adequately determine and this ratio resulted in reduction of air turbulence effects at higher
vacuums within the measuring flask. The entry/exit tube diameters were kept uniform for
any one test series.
2. Initial System.
The initial system (Diagram 3a) consisted of a “reaction”  vessel (“QF”) with a 10 litre
volume, later substituted by one of 20 litre capacity. Vacuum and solution lines are shown,
together with a “flowmeter” in the outlet line from the vessel. Suitable provisions were
3. Laboratory Pilot Vacuum Plant.
3.i. The scale design unit (Diagram 3b, Plate 4) had an initial internal length of 1.1m
x 100mm (i.d) with an equivalent ratio (scale of 1 : 10) to an average plant size in industry.
As  “QF” pipes were available in 0.8m  module lengths the unit was extended to 2.3m in
length to correspond (scale) with larger plants and to accommodate specimens to 2.0m in
length and typical lengths of 1.8m.
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3.ii.To study possible hydrostatic pressure effects on results, the experimental glass
cylinder could be rotated through 90o (and also 180o) about the central axis. This flexibility
also enabled the writer to examine situations when sections of a commercial cylinder were
horizontally inclined to, or above, the air outlet duct.
Author’s note; most commercial units were fitted with one door, with the general
practice being to allow a small inclination from the rear wall to the door for solution
drainage. In other plants, for reasons associated with charge handling, the inclination was
reversed. The author found “air-locks” (resulting in poor penetration) caused by excess
inclination in some plants. Where those effects were found in industry, with management
agreement, the writer advised plant design be amended by installation of a supplementary
small diameter vacuum line connected to the cylinder through a twin high pressure valve,
which was closed after a controlled “flooding” of solution and during the pressure cycle.
This line was linked above the outlet control valve (Diagram 4)  to  the evacuation pipe line
and vacuum pump. Complete filling of the system was thus measurable by the twin valve.
3.iii. Variation in type of laboratory connecting lines.
To examine the  effects on flow, vacuum and solution lines were designed from a range
of different materials, including copper, glass, rubber pressure tubing, plastic and galva-
nised iron. Changes (Darcy-Weisbach equations, Chapter 14) were made in the connecting
tube i.d. and in length, to vary resistance to flow. Corrosion was found to occur with
galvanised iron, thus causing very rough internal surfaces for air and liquid flow. This
corrosion aspect was used to advantage in study of flow conditions of air and solution.
4. Vertical unit for hydrostatic research.
To further examine effects of cylinder height, both on vacuum levels attained in
timbers for a system without solution and subsequent to solution entry, a 2.6m glass unit was
constructed with outlets at 0.3m height. Each was connected through separate “QF” one-
way, high-vacuum, valves to individual control taps leading to a multiple inlet “header”
fitted with a standardised manometer. That unit confirmed results determined in system 3b,
when the latter was used in the vertical mode. Except to state it confirmed, up to 2.6m, that
the influence of height, including the solution, was not significant, that unit is neither
illustrated nor further discussed.
5. Laboratory system for fundamental research on the de-aeration of a system and
timber (Diagram 3c).
The preliminary results (systems 3a, 3b) justified design of a dedicated system to
enable research to be carried out on aerodynamic parameters influencing air flow  in  a
system and timber specimen when being evacuated. Special requirements involved inno-
vative design. They included;
5.i. Use of Mercury Ballast resistance.
a. most laboratory type vacuum pumps  employed an “air intake bleeder valve” to
regulate the effective levels of vacuum (and de-aeration capacity) applied to a system. In
most commercial plants, water-sealed pumps were used and (Chapters 13, 14) efficiency
of evacuation was a function of operating temperature (effect on vapour pressure) and air
saturation  of the seal water through the pump. For higher levels of vacuum, such units
required fitting with a supplementary “venturi” air intake (Chapter 14).
b. to exclude any error caused by the use of a “bleeder” valve, a mercury “ballast”
resistance was developed to enable reduction of the effective vacuum (without loss of
capacity at the pump), or introduction of external air. It was incorporated in the test system
(Diagram 3c) between the vacuum pump and control valve to the flask to be evacuated (both
empty and containing the specimen). The ballast resistance was varied (and calibrated) for
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each applied vacuum. Its presence was one reason to measure air volume removed prior to
the flask.
5.ii. design was such as to enable air volumes (for each level of applied vacuum) of
each section to be separately controlled, measured and “zeroed” in the collection unit.
Multiple manometers (and a standard vacuum gauge enabling comparison to industry) were
included through the system.
5.iii. as air differences were being measured for each condition, preliminary research
demonstrated that, for the test species (spotted gum), adequate accuracy for statistical
evaluations was given by a measured specimen size of 125 x 100 x 25mm. Containment (see
next below) of the test specimen in a Witts flask,  was optimum. That species was selected
as representing a typical refractory timber (Group 3, Chapter 12) and illustrated predomi-
nant species types (Chapters 8, 10, 12) intended for treatment by this process. Results were
5.iv. Other significant aspects included;
a. A Witts flask (with an empty volume of approximately 1200cc, accurately measured
for each determination) was selected to contain the  specimen being tested, such that air
volumes measured on the “empty” system and when the specimen was contained and
evacuated, were adequate. In addition, the flask i.d. should be significantly in excess of the
wood cell (especially vessel [pore]) diameters. Flask dimensions, including outlet diameter,
were also selected to model a commercial plant ratio of length, internal diameter and outlet
diameter as well as to ensure there was a minimum resistance (Darcy-Weisbach equation,
Chapter 14) to air flow.
b. Subsequent to the Witts flask outlet, provision was necessary for establishment of
a nominated vacuum level. This need required separate control (two way) valves and
calibrated manometers for each phase.
c. Establishment of thermal requirements.
In design of the total system (Diagram 3c) and based on previous research, the author
considered  the total evacuation, and collection, from the wood, and flask, may be either
isothermal, or adiabatic, or exothermal. He had separately established that de-aeration  from
a cylinder  was exothermal, if evacuated directly to the atmosphere.
For experimental requirements, it was desirable the total de-aeration and collection
of air should be carried out under isothermal conditions. This would be assisted if an
evacuation time was kept low (measured by stopwatch) and design parameters ensured
minimum resistance to air flow. Though not separately shown, appropriate temperature,
including ambient, measurements were made by the writer at multiple points during studies
using the total system. Temperature measurements included the collection unit.
Using system (3c), the writer confirmed (Appendix 38) the total (evacuation/collec-
tion) measurement was isothermal.
To achieve these aims, a means of collection was required such that;
a. heat generated in extraction should be absorbed by a “heat sink”, viz. water, such
that no significant change would occur either in volume, or in temperature, of the collecting
water or of the gas evacuated from  the empty system (or when it contained a test specimen).
b. the accurate volume collection of extracted air was necessary and that requirement
must include a means to “zero”, or measure, volume of preliminary air evacuated from the
system prior to the point of evacuation of the Witts flask.
c. The collection unit diameter should be such that, over the range of air exit velocities
into the receiver, exit velocity should be reduced to prevent turbulence, whilst ensuring
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values, which are a function of inlet diameter to receiver diameter, are accurate  measure-
ments of the air evacuation rates and volumes from the flask unit and  required a minimal
error (and thus optimal accuracy of collection) caused by hydrostatic pressure of the water
and final air collection was at ambient conditions.
d.  Trials were made of receivers which ranged from tall, small i.d. tubes, several
metres in height, to squat large diameter vessels for which reading accuracies were poor.
None of those met the above requirements.
e. requirements were met by air collection in a 2 litre, “unlipped”, measuring cylinder
over a “beehive” shelf and standing in water (temperature monitored).
Levels of air collected could be measured  and the air levels above water could be
zeroed prior to evacuation of the flask (and/or specimen).
The cylinder was calibrated (and certified) in 20ml divisions and readable (by
magnifier scale on meniscus) to 5ml accuracy. Mean values of collected air as shown in
Appendices 39, 40 are based on multiple replicates.
The collected air would be saturated with water vapour and at the ambient (measured)
temperature. That measured value of evacuated air required conversion to “equivalent dry
air” at S.T.P. (Appendix 38).
Author’s note; in terms of vectors, a theoretical change exists in pressure differentials
at and from the vacuum pump in this system (in which evacuated air is not being expelled
to atmosphere). This, in part, explains use of a  term “Relative” in definitions. With
atmospheric pressure as origin, to the pump, it is negative as the pressure differential is an
applied vacuum, but from that point it is positive in sign. However, the limiting conditions
are transfer of  contained air from a point of applied vacuum at the flask (and/or the wood
specimen) to a receiver for collection at atmospheric pressure. Thus the vector signs cancel
for these limits.
Appendix 37
EXPERIMENTAL PROCEDURES FOR VACUUM RESEARCH
These followed variable sequences dependent on the system and research aims.
A. Preliminary investigations.
i. for system 3a, the general procedure was insertion of a specimen, or control, either
end-sealed (at one or both ends), or not end-sealed and;
a. Ensure a designated vacuum level was present at the control valve to the system. The
valve was opened and the time to achieve vacuum within the reaction vessel was monitored
by manometer and the flow meter. Solution was then admitted at (measured) varying rates
to the reaction vessel and, while the flask was filling, the fall in vacuum was measured as
a function of “flood rates”. The vacuum was stopped (at control valve) and the vacuum
released. The absorption, salt usage and penetration were measured as a function of time,
of applied initial vacuum and of “flood” rate of solution into the vessel. The type of air flow
as a function of species was (Chapter 12) examined. This system enabled duplication of
commercial short “dry” vacuum practices.
b. Subsequent to initial research results, the applied vacuum was continued for
progressively increased times (monitored by flow-meter and manometer), to determine a
maximum (or optimum) de-aeration, as measured by the flowmeter, prior to admission of
solution as above. The solution was admitted at varying controlled rates after vacuum was
applied and attained in the timber specimens.
c. Further studies, subsequent to attainment of the experimental vacuum, were
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continued with specimens under solution for a range of times and level of the applied
vacuums. Alternatively, evacuation was continued until the flowmeter showed no measur-
able air flow from the system. For this phase, solution and salt usage rates and total time were
measured as above as functions of level of applied vacuum (also “flood” rates) and time for
which it was maintained. Temperature measurements were made for  each system as
required for experimental determinations.
A general summary of procedures for the systems 3a, 3b is cited in Table 72, embodied
with this appendix.
2. For studies using the scale unit (Diagram 3b), test measurement techniques had
followed similar procedures as for system 3a, except for;
a. internal manometer tubes correlated conditions within specimens relative to the
empty (no solution) tube, or to the system containing solution during vacuum maintenance.
b. studies of vacuum pump capacities, line dimensions and ratio of length to i.d, as well
as type of air-line tube.
c. Evaluation of “end-grain” (and sealing efficiencies of end-coatings) effects in terms
of the levels of applied vacuum and times at vacuum.
d. Comparative rate of evacuation of the empty system related to when a specimen was
contained and evacuated.
e. effects of vacuum pump capacity in terms of time to achieve the limiting values of
applied vacuum.
f. Studies (cf. Chapters 8, 10, 12) on the influence of preservative formulation on
penetration into timbers.
g. importantly, to measure the significance of variation in aerodynamic effects (the
levels of vacuum and times of attainment) for mixed sapwood/heartwood profiles in test
specimens.
h. measure the relationship of species to treatability.
B. Supplementary research and developments.
i. research into permissible (Chapter 12), effective moisture contents and their relation
to preservatives for vacuum pressure treatments. As indicated (Chapters 7, 12, 13) industry
practice was based on cross-sectional tests. It was necessary to correlate cross-sectional
data with gradients and the “core” moisture values.
ii. The development (Chapter 14) of the Vacuum Pressure Diffusion Process (Plate 5),
which incorporated  results of the above research investigations.
iii.In view of the conclusions reached by some workers relating penetration to applied
pressures, comparison was made (refer Chapter 14), between results obtained in the
experimental system (Diagram 3b) and a range of plants.
Results confirmed the laboratory practices.
C. Fundamental quantitative studies (system 3c).
i. Test specimens.
A total of 9 matching specimens of spotted gum were selected. Each measured 125 x
100 x 25mm (determined by caliper ruler to 0.5mm for the length and width, and by
micrometer to 0.1mm for the thickness, measured at three points for each sample).
Individual moisture contents were based on matching end samples (both ends) and oven dry
mass was determined, as well as tests for progressive moisture and dimensional changes
(with mass changes measured to an accuracy greater than 0.1gm). For each specimen,
saturation moisture contents, air void volumes and related specific gravities were deter-
mined (Appendix 38). After each test, the specimens were re-aerated and equilibrated, then
re-weighed prior to storage in a plastic bag which previously  was shown to be impermeable
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to moisture. Preliminary evaluations of specimens before and after experimental evacua-
tion conditions showed no significant measurable changes from these procedures.
ii. Measurement of system and specimen for each level of applied vacuum.
a. the mercury ballast system was adjusted for the required level of applied vacuum and
the vacuum applied with the stopcock closed to the Witts flask. The air volume, equivalent
to the volume prior to the stopcock for the flask, was measured, and zeroed in the collector.
When experimental vacuum conditions were in equilibrium, the stopcock to the Witts flask
was opened. The relative vacuums were measured. The rate and volume of collected air
were timed and measured respectively. For all of the evacuation measurements, test
temperature and atmospheric pressure conditions were determined.
b. the procedure was repeated with a specimen contained in the Witts flask.
c. six multiple replications were made for each vacuum and condition (specimen
absent, or present) in the Witts flask.
Independent statistical assessments were performed by the departmental biometrician
to test the variability of each determination within each group.
iii. Selection of Experimental vacuum levels.
Results of research in systems 3a, 3b, led to preliminary studies (system 3c) which
indicated very small changes occurred for vacuums up to about 50mm compared to 125mm.
Above that higher vacuum (< 50mm), the rate of extraction and vacuum levels attained in
the timber began to change rapidly. Data indicated two levels may be significant and they
occurred above the range of 50mm, with a change in vacuum attained in the timber at higher
levels of applied vacuum.
Tests as in sections 2.a to c (above) confirmed changes in extracted air values for
determinations, over the range of applied vacuums in what this writer describes as “the
Critical Zones”, were such that the differences in measurements of air volumes collected
for vacuums below 4mm  would not be statistically reliable  for evaluation of  absolute
volumes or in flow rates. However, as levels of the applied vacuum decreased,  increased
differences in values of applied vacuum were statistically desirable (cf. Chapter 14) for
reliable differentiation of volumes of the air evacuated and for statistical analysis. Thus,
because of this requirement, at higher vacuums, variable vacuum values (incremental)  were
used for test, with increased differences below 50mm of applied vacuum. It was judged
preferable theoretical values for “Critical Vacuum Levels” be more accurately determined
based on a range of statistical analyses using a number of related physical criteria derived
from and used in these studies.
Author’s note; this restriction did not apply for studies on levels and rates of
achievement of internal vacuums attained in timber specimens. Two applications were in
a derivation (Chapter 12) of “effective orifice diameters” and evaluation of “residual air”
in a specimen (Chapter 14), for which applied vacuums to 1mm were utilised.
iv. Experimental  derivations and theoretical formulae used are cited in Appendix 38.
Experimental symbols and results are listed in;
(a) For the system, data is shown in Appendix 39 [Tables 74 (symbols) and 75
(results)].
(b) data on de-aeration of timber specimens (Appendix 40 [Tables 76 (symbols), 77,
78 (results)].
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Table 72
Initial studies relative to effects of vacuum conditions
on Queensland timbers (including commercial studies).
item range method of
studied studied Measurement
lab.* comm. lab. comm.
effect of 100- <25 125-50 de-aeration (i) chemical
of applied (d) (d) rate by (ii) N.D.S.R.
vacuum flowmeter (iii) time to
(i)-(iii) refusal.
[as in comm.] (iv) kickback.
evacuation 0-4hr. 0-4hr. flow rate, as above.
time of total time
timber at de-aeration.
applied vac.
effect of 10-40 min over depression of vacuun
flood rate range of; in systems, (i)-(iv)
on vac. in 100-<25 mm, for comm. systems
system 125-75mm chemical for both
in comm. cyls.(a)(d)
absorption up to 18 hours(b) (i) solution volume
rate after absorbed/ time.
flooding and (ii) time to refusal.
return of (iii) N.D.S.R.
system to (iv) chemical
atmospheric examination.
pressure
continuation 4hrs to 6hrs at (i) - (iii) as in
of vacuum vacuum levels of effects of vacuum
after 100- <25mm, for laboratory
flooding 100-50mm (i) - (iv) for
solution into system (c)(d) comm tests.
(note 1)
moisture (c.ii) open forest spp. to 60% - 70% mc.
content rainforest spp. to > 100% (dependent on
range tested species groups), plantation spp. > 100%
notes; note 1. This was examined with respect to the development of the “Vacuum Pressure Diffusion
Process”. Such research studies included variations in moisture contents (note c.ii) and levels of the
“Stable Green Moisture Contents”. (a) *. Initially system (Diagram 3a), then subsequently system
(Diagram 3b). Commercial cylinders 10m x 1m dia.  to 27m x 1.82m dia. Subsequent to modification for
higher vacuums, commercial units were also tested to lower than 75mm. vacuum and down to 25mm.
(b) i. laboratory- up to 18 hrs without application of pressure above atmospheric, measured by solution
volume changes, chemical analyses of solution and timber. (b) ii. To correlate laboratory and
commercial results, (i) was repeated for commercial systems.  (b) iii. Commercial systems were tested by
application of 1400 kPa. pressure for 6 hours.  (b) iv. Separate studies investigated pressures ranging
from normal level of 1400 kPa to an operating effective level of applied pressure of 540 kPa, below
which the solution absorption rates decreased with respect to time. Necessary for confirmation of
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equivalence of the results for when only atmospheric pressure was used; comparisons were made in
commercial plants relative to results when this and higher pressures were used.
It was confirmed they were equivalent (see text).
(c) i. laboratory- vacuums of 100 - < 25mm.
ii. not all high moisture contents tested were suitable.
(refer Chapter 12 re the “Stable Green” and “Commercial”moisture concepts) [Tables 86, 87 Appendix
42 for typical data, including commercial results. Table 88, Appendix 43 discusses recommended ranges
of moisture content].
(d) i. for commercial installations, vacuums initially from 75mm to 50mm. Later plant modifications
enabled an extension to 25mm.
(d) ii. moisture content ranges as stated (cf.c.ii).
Appendix 38
AERODYNAMIC DATA AND MATHEMATICAL-PHYSICAL FORMULAE
USED IN RESEARCH ON VACUUM APPLICATIONS TO TIMBER AND
SYSTEMS.
Author’s note; In development of quantitative data on the applications of vacuums to
de-aerate both the system and timber contained in that system, there was a need to use
conventional formulae and symbols as exemplified by “void volume” determinations. In
addition, the writer found it necessary to expand physical units and, at the same time,  to
establish a number of mathematical-physical relations, not only to quantify units expressing
measured data, but to enable tests of conditions under which the experiments were
conducted, eg. whether they were isothermal. To this was the added requirement that these
relations should be such that all experimental data and findings should meet physical and
statistical analytical requirements.
These separate formulae and the developed relationships are discussed in this
Appendix under;
C.1. Development of “dry air” volume equations.
C.2. actual air volume contained within a specimen.
C.3. physical laws for expansion under vacuum.
C.4. mathematical equations for the relative efficiency of de-aeration at each vacuum
level studied.
A. Assumptions made for research studies;
i. air constitution within wood is, within experimental limits, consistent with the
atmosphere.
ii. relative constitution of the air which is evacuated remains constant and is not
enriched with respect to one, or more, constituent(s).
iii. Other volatiles contained in the wood, existing as the gaseous phase under reduced
pressures studied are, relatively to contained air, of negligible concentration at collection
temperatures and pressures (ambient), or alternatively, are soluble in the collection water.
Two additional assumptions were made;
iv. For the test duration, neither moisture content nor specimen dimensions changed
significantly and hence no significant change occurred in either specific gravity or
contained air. As mass variations were within 0.1 gram (less than 0.5 % based on o.d. mass
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during tests) and as moisture content is significant in dimension changes, the assumptions
were valid within the experimental limits.
v. There were no significant changes in the chemical constitution for either timber
specimens or constituents, during the study.
B. Symbols, derivations and values which were used in the aerodynamic studies (cf.
introductory notes).
These are cited in Appendices 39, 40 (Tables 74, 75, 76, 77, 78  with references as
applicable or values, as used or derived, in this research.
C. Physical and statistical formulae with requirements for assessment of experimental
conditions and data.
C.1. Determination of air collected (Appendix 37) as the equivalent “Dry Volume” of
air. All collected air was calculated as “equivalent dry air volume” at S.T.P. using equation
[38.1] (Duncan and Starling, 1931) and the  “Dry air volume”, “vo”, is given by;
vo = {[273.(H - h)] . v} / {76.(t + 273)}   (38.1)
where vo = cc of dry air at S.T.P., when collected over water.
v = volume of air with saturated aqueous vapour.
H = barometric pressure (cms).
h = vapour pressure (cms) of saturated aqueous  vapour at S.T.P.
t = temperature, degrees C.
At S.T.P.,  vo = 0.994 v.                    (38.1a)
C.2. Determination of Specimen “Void Volume”.
Equations examined were;
C.2.a. Fractional Void Volume (Stamm, 1938), below FSP.
Am = vm = 1 - [(gm/go) + (gm . m/sgw)]      (38.2)
where Am, vm = void volume fraction
gm = wood sg. at current mc.
go = sg. of wood substance
m = moisture content
sgw = specific gravity of contained water.
As it is similar to Maclean’s, the latter is used.
C.2.b. Formula used by MacLean (1935, 1952). This is;
P = 100 {1- S . [(1/1.46) + (Mk/100.sgw) + (Ma/100)]}                 (38.3)
where ;
P = per cent air space.
S = specific gravity (based on o.d. mass and volume
at current moisture content).
Mk = Moisture content percent at, or below, fibre
saturation point.
Ma = Moisture content above fibre saturation point.
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1.46 = specific gravity of wood substance (measured in helium) [see b.i.ii, next below].
sgw =  density of contained water.
C.2.b.i. Relevant derivations of the formula are;
b.i.i. in samples at, or below FSP, Ma = 0,
P = 100 {1 - S . [(1/1.46) + (Mk/100 sgw)]}   (38.4)
b.i.ii. When Ma = the moisture content above (FSP), 1.53 is wood specific gravity and
“sgw” approaches unity;
P = 100 {1 - S. [(1/1.53) + (M/100)]}   (38.5)
where M = total moisture content = (Ma + Mk).
b.i.iii. At complete saturation of a specimen, residual
air space is zero, then  P = 0   and M = Msat.
Then, using the value of “sgw” measured in water;
Ss {(1/1.53) + (Msat/100)} = 1             (38.6)
where;
Ss = specific gravity at saturation.
Msat = moisture content at saturation.
C.2.c. Equation used by Harrow (1947).
This is a modified form of Stamm’s equations and is;
Vf = Vw - 0.654 . Wd              (38.7)
C.2.d. Equation used by Tamblyn and Bowers (1961).
In their study on spotted gum, E. maculata, those workers used (imperial units) an
equation as follows ;
Ms = 100 {(62.4/DB) - 0.654}        (38.8)
where DB = basic density of the wood.
Comparison of equations (38.7) and (38.8) show they are variations of Maclean’s
formula and are both related to Stamm’s formula. Thus, neither of those equations (38.7),
(38.8) were used by the writer in this program.
C.2.i. Derivation of Experimental Values.
Both derivations of Maclean’s formula were used for calculation of saturation volume
and mc with (after air-drying) per cent air space, total air volume (cc), wood volume and
contained water in the specimens. Mean values are cited. These were based on experimental
data for each specimen’s oven dry weight, specific gravity and moisture content. Saturation
values were obtained by repeated impregnation of each specimen to its maximum absorp-
tion (measured by constant mass after impregnation) and with concurrent measurement of
moisture content for specimens. The mean values were;
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Oven Dry weight (o.d.w.)      = 221 grams.
saturation wood volume        = 249 cc.
saturation moisture content   = 46.4%
Values calculated from above equations and data were;
Ss  = 0.88
Msat  = 47.5%
Alternatively, using measured saturation moisture value of 46.4%, a value for “Ss” of
0.894 was given, which was in reasonable agreement with the measured value as above.
Using the derived formulae (eg. equation 38.6) specimen specific gravity values ranged
from 0.906 - 0.914, with a mean of 0.909 and again with a reasonable agreement. Mean
measured moisture content was (19.6% +/- 2%), with a mean (a.d.) volume of 243.64 cc and
mean “vw” of 191.45 cc.
A mean air volume of 50.4 cc at S.T.P. was determined.
Significantly, for the study, the results confirmed that all specimens were within
sufficient agreement over all of these parameters to be used experimentally in terms of
random selection for measurements in evacuation and for a  subsequent statistical analysis.
C.2.ii. “Contained or Adsorbed” Air (cf. Chapter 14)
Though assumptions are made on “contained” air, there is air adsorbed in wood tissue
which, dependent on the gas, namely hydrogen, nitrogen or oxygen varies in adsorption/
gm/wood (Stamm, 1964). As a first order approximation, the value for nitrogen was used,
viz. 0.020 cc/ gram of dry adsorbent (wood). As the mean oven dry weight of specimens
used was 221 grams,  mean adsorbed air for the total specimen is 4.4 ccs. As the pressure
falls (by evacuation) and approaches zero values, the volume of air removed from the
specimen will theoretically include some of that adsorbed air. On this basis, if the calculated
“void volume” of the specimen is “A” ccs, then at low pressures, the volume collected will
have a total value of (A + k) cc, where “k” is a function of the Langmuir adsorption equation
(Findlay, 1944, p. 283) applied to wood. That general relation is;
(x/m) = (l.p) / [1 + (l.p)]          (38.9)
where (x/m) = amount of the gas adsorbed per gram of adsorbent.
l = a constant.
p = pressure in mm.
Here, as assumed, (x/m) = 0.020
and thus  l= 0.0204 /p               (38.10)
C.3. Derivation of basic equations on physical laws.
C.3.i.(a) An expansion of air obeys (Kay and Labey, 1957) the general equation;
(p.v)n = constant.                       (38.11)
If expansion is isothermal,
n = 1                            (38.12a)
Y (the ratio of specific heat)]
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for air is;
n = Y = 1.401.                  (38.12)
However, for experimental and statistical reasons it was desirable to design (Appendi-
ces 36, 37) the system (3c) so as to ensure air extraction from the flask up to and including
final collection, would be isothermal. Thus, it was necessary to develop a mathematical
relationship to test the experimental data and which would be satisfied only if the total
operation was isothermal.
C.3.i.(b). To determine if total expansion is isothermal or adiabatic.
Let VE = volume of empty system (ccs) at S.T.P.
If       P = Standard Atmospheric Pressure, 760 mm.
p = pressure (mm) of the air under vacuum.
Vp = air volume (cc) at 0
o C. at pmm.
then;
(Vp/VE) = (P/p)
(1/n)             (38.13a)
Let vd = volume of air at 0
o C, expanded from the
system at pressure pmm.
hence vd = Vp - VE                      (38.13b)
and;
vd = VE { [(P/p)
(1/n)] -1}         (38.13)
Let  vm  =  volume “vd”, measured at S.T.P.,
then   (p.vd)
n = (P.vm)
n
(p/P)(1/n) = (vm/VE) / {[(P/p)
(1/n)] -1}   (38.14)
which is;
(p/P)(1/n) . {[(P/p)(1/n) -1] . VE} = vm     (38.14b)
and   {(P(1/n) - p(1/n))/ P(1/n)} . VE = vm   (38.14c)
As (pd) = (P - p)      (38.15a)
hence {(pd/P)
(1/n)} . VE  = vm                 (38.15)
Individual values of “{(pd/P)
(1/n)}” were calculated for the experimental system
measurements of “vm”.
It was determined that (vm/VE)  = (pd/P)    (38.16a)
and thus;     vm = VE (pd/P)               (38.16)
Agreement of measured values was within +/- 0.9 %.
Thus, within experimental limits, the value of n = 1.
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Accordingly, expansion for the total experimental system  was isothermal. The general
(total system) equation is accordingly ;
p.v = constant.
Though air does not behave as a perfect gas and follows the Van de Waals equation
of state, for pressures below 75mm, changes of volume with the pressure (Findlay, 1944)
are practically in accordance with Boyles Law.
Van de Waals constants (Kay and Laby, 1957) have values of (2.67 x 10-3) and (1.63
x 10-3) respectively and were neglected in calculations.
C.3.ii. Significance of adiabatic expansion.
Importantly, if the writer’s theories were demonstrated to be valid, namely, there
would be separate “critical vacuum levels” for optimum evacuation of both system and
timber, then a relationship could exist between those two values and, if that relationship
could be proven by the research data, it would, independently of temperature, demonstrate
whether the evacuation from the wood orifices into the larger cavities (within the Witts
flask), was an  adiabatic relationship. The value “Y” was found (Chapter 14) to be applicable
for air extraction from wood tissues (into the Witts flask) by the relationship  of upstream
/ downstream vacuum levels. The relation was (Chapter 14) consequently used (Chapter 12,
Appendix 28) to estimate the “effective orifice diameters” in timbers.
C.4. Derivation of equations used in calculation of the “Efficiency of Extraction” of
air during the evacuation.
Note; all data were based on evacuation and collection and, unless specifically stated,
that total measurement is implied in all discussions.
(for definition of terms and units refer Tables 74, 76).
C.4.(a) By definition;
(VE - Vs) = vw              (38.17)
but VE = (1/F). ve
and Vs  = (1/F) . vs
and thus;
(VE - Vs)  = (1/F)(ve -vs)             (38.17a)
hence
vw    =  (1/F) vd                 (38.18)
and        F. vw  =   vd                      (38.18a)
There are two limiting conditions which are;
i. when p = 0 mm,   (pd/76) will equal 1.
ii. when p = 760 mm, then
pd = 0
and  (1/F) vd  = 0
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Between these two limits, “(F.vw - vd)” has a range of values which are functions of the
applied vacuums.
The function “(F.vw - vd)” is defined as “residual air” in the specimen.
If;-
a  = (F.vw -vd)                          (38.19)
the term “a” is a measure of efficiency of de-aeration of the specimen and concurrently
is a measure of resistance to flow under an applied vacuum pressure of “pmm”.
C.4.(b). Theoretical maximum “Efficiency of Evacuation” and “Operating Effi-
ciency” of a system.
From equation (38.16), the theoretical maximum ratio of air extracted from a system
is equal to “F” and;-
F = pd/P                     (38.20a)
From equation (38.19), the theoretical maximum percentage of air extracted from a
system, containing the sample, is given by the relationship when “a” approaches zero.
The limiting value is;
(P/pd) . vd = vw                        (38.20b)
and       vd  = (pd/P) . vw               (38.20)
where the ratio [(pd/P)%], expressed as a percentage, is an expression of the maximum
The term “F%” [=(pd
experimental study, results are given in Table 77.
C.4.(c). The “Operating Efficiency”.
The condition under which equation (38.20) applies and is relevant to the “Theoretical
Maximum Efficiency”, is that “a” approaches to and may equal zero, but that condition is
valid only if the wood system offers no resistance to flow of air contained within the
specimen. Examination of the data shows that “(vw - vd)” values are real and, as such, there
is resistance to air flow from the specimen.
Thus the relationship of “vd” to “vw” is a measure of resistance to air flow and it is
defined as  “Operating Efficiency of Extraction”, “E”,  of the system.
Expressed as a percentage, then;
E% = {(vd/vw) . 100}                   (38.21)
Values, based on equations (38.19), (38.20), are given in Table 77, citing all mean
values.
Statistical analysis of the experimental data was carried out, including the terms,
“Operating Efficiency”, “E%”, and “Percentage of Air” removed, defined as “EA%”, under
the experimental conditions.
D. General equations relating air density and pressure differentials.
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D.(a) As the pressure differentials were significantly different and as the system
operated under conditions of vacuum to atmospheric pressure, the air density  was also
significantly different at each state. General equations  of flow using density were re-
examined, typified by;
D.(a).i. The basic equation of flow (Rouse, 1959) through a duct is;
p1 - p2 = (sg1/2) (v2
2 - v1
2)   (38.22)
where;
p1 -p2 = pressure drop along a length “dx” of the duct.
sg1 = air density at pressure p1.
v1 and v2 are respective velocities.
If successive changes in length, “dx”, along the duct are considered such that, as a first
order approximation, two adjacent densities are not significantly different, but where final
density “sgx”, final pressure “px” and final velocity “vx”, vary significantly from “sg1”, “p1”
and “v1”, then, for successive increments “dx” along the duct;
p1 - p2  = (sg1/2) (v2
2 - v1
2)                 (38.23)
p2 - p3  = (sg2/2) (v3
2 - v2
2)                 (38.24)
and,   px-1 - px = (sgx-1/2) (vx
2 - vx-1
2)     (38.25)
as sgx is not significantly different to sgx-1, then;
px-1 - px = (sgx/2) (vx
2 - vx-1
2)      (38.26)
Hence, when px = P = standard 760mm and  the final velocity is zero;
P - p  = (sgp .vp
2) / 2                 (38.27)
where “sgp” and “vp” are the respective air densities and velocities at the applied
vacuum level “p”.
Table 73
Variation of air density with applied vacuums.
sg0 = 0.001298 gm/cc at S.T.P.
applied vac. sgp applied vac. sgp
mm gm/cc mm gm/cc
x 105 x 105
4 0.68 52 8.88
9 1.53 63 10.76
17 2.90 82 14.0
25 4.27 103 17.59
30 5.12 135 23.06
45 7.69
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Appendix 39
TABLES OF SYMBOLS AND EXPERIMENTAL RESULTS IN THE STUDY OF
AERODYNAMIC PROPERTIES OF A VACUUM SYSTEM FOR  TIMBER
TREATMENT BY PRESERVATIVES.
TABLE 74
The Aerodynamic parameters and symbols used to examine
significance and properties of the Critical Velocity
Point “Spc”  in evacuation of a system.
parameter symbol definition
Reynolds Number (a) Rp (sgpVpL) /u
Unit Reynolds Number (b) R1p Rp/L
Euler Number (a) ENp Vp/ (2pd/sgp)
1/2
Length of Efflux Duct (b) L 335
(cm)
Area of Duct cm2 (b) b1 (pi) (d/2)2 cm2
Diameter of Duct cm. (b) d 0.5 cm
Linear Jet Efflux (a) Tvp {1/ (1-Cd
2[d/D]4)1/2 }
x {2pd/sgp}
1/2
Kinetic Energy of (a) K.E. (0.5) . (sgp [Vp]
2)
Efflux
Exptl. Linear Velocity Vp [vp]/ b
1
of Efflux. cm/sec (b)
Volume Rate of Efflux vp measured
cc/sec
Kinetic Viscosity (c) Z u / sgp
(Stokes)
Viscosity u
Darcy-Weisbach (a) j d / L.(EN)2
Resistance Coeff.
Coeff. of Discharge (a) Cd 0.611
through an orifice
Diam.(i.d.) of (b) D 10.3 cm
Witt‘s Flask
Density of Dry Air (b) sgp (sg0 x p)/76.0
at pcm. pressure
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References;(a)   Rouse (1949).(b)   Cokley and Smith. Project Q P 921, Rept. No.5 (1965a)
(c)  Binder (1971).
TABLE 75
Experimental data and derived aerodynamic parameters
in evacuation of the test system. (x)
Pressure vp Vp Vp ENp Tvp Ms
(a) cc/sec. cm/sec. —— x10-3 cm/sec.     gm.cm
p pd Vp13.5 x10
3 /sec
0.4 75.6 42.24 215.18 2.75 45.69 4.71 11.77
0.9 75.1 41.71 212.48 2.72 67.88 3.13 11.62
1.7 74.3 41.16 209.68 2.71 92.78 2.26 11.27
2.5 73.5 41.18 209.76 2.72 113.38 1.85 11.27
3.0 73.0 39.31 200.25 2.56 118.49 1.69 10.26
4.5 71.5 37.70 197.53 2.52 145.24 1.36 9.98
5.2 70.8 31.16 158.71 2.03 125.96 1.26 6.47
6.3 69.7 26.18 135.10 1.70 118.51 1.14 4.55
8.2 67.8 21.91 110.61 1.43 113.89 0.98 3.18
10.3 65.7 17.02 86.70 1.11 99.69 0.87 1.92
13.5 62.5 15.38 78.35 1.00 107.33 0.73 1.57
p R1p jp pd ENp.(ppd) 1/2]
---- -----------
Vp R1p [m]p
mgm/sec
0.4 8.5570 0.7151 0.3513 0.0294 0.2872
0.9 19.0113 0.3239 0.3534 0.0293 0.6382
1.7 35.5595 0.1733 0.3543 0.0293 1.1936
2.5 52.1337 0.1161 0.3504 0.0295 1.7584
3.0 59.9587 0.1063 0.3645 0.0292 2.0127
4.5 88.8294 0.0707 0.3620 0.0294 2.8991
5.2 82.4148 0.0940 0.4461 0.0293 2.7670
6.3 83.9415 0.1062 0.5159 0.0294 2.8170
8.2 91.4386 0.1150 0.6130 0.0294 3.0696
10.3 89.1884 0.1502 0.7578 0.0291 2.9938
13.5 105.6642 0.1295 0.7977 0.0295 3.5466
mean - - - 0.0293 -
(a) in mm.x10-1. (1) R1p = Rp/L = Rp/335
(x) for symbols see text, Tables 74, 76.
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Appendix 40
AERODYNAMIC CRITERIA AND SYMBOLS USED IN RESEARCH ON
THE EVACUATION OF TIMBER SPECIMENS IN AN ENCLOSED SYSTEM.
TABLE 76
Symbols and definitions used in analysis of experimental
data in evacuation response of timber specimens enclosed
in a system.(Cokley and Smith, 1965a)
symbol            definition
E Efficiency of Extraction = vd /vw
EA% Percentage Efficiency of Air Extracted at
p cm.  = [(A -a)/A] %
VE Volume of Empty System (cc dry air at S.T.P.)
VS Volume of System + Sample (cc dry air at S.T.P.)
Vw Total Volume of Wood Sample (cc)
A Volume of air in sample (cc dry air at S.T.P.)
ve Volume in cc dry air (S.T.P.) extracted from
empty system at vacuum pressure p mm.
vs Volume (cc dry air S.T.P.) extracted from
system with sample at vacuum pressure p mm.
vw Solid volume of wood = (Vw -A) cc.
vd Difference  (vw - vs) cc.
a Residual air (cc dry air S.T.P.) not removed
from specimen. = (Fvw - vd)
F Pressure Differential Coefficient Relative
to Standard Pressure. F = pdif / 76.0 cm.
F% Theoretical maximum Efficiency as percentage.
M Momentum (grams-cm/sec.) = sgo [vp
2] / b1
Q Specimen Volume Rate of Evacuation (cc/sec.).
equal to (A -a) / t cc /sec.
x / m quantity of gas adsorbed per gram of
adsorbent= 0.020 (Cokley and Smith, 1965a)
xem quantity of air contained in, or on, wood matrix.
cxv quantity of air contained in cell lumen.
Symbol Definition (continued)
xds quantity of air dissolved in wood moisture
in cell lumen or in cell walls.
x1 mass of gas desorbed / sec. / cc of wood.
fo Reflection Coefficient (Knudson Flow equation).
Y Ratio of Specific Heats  ( Cp / Cv) = 1.401
[M] Molecular weight of air = assumed 28
C1 Sonic velocity
R gas constant
lm Langmuir’s adsorption constant in equation
(x /m) = lp /1 +lp), l = 0.0204/p
sgp air density at vacuum pressure p cm.
[m]p mass flow rate of efflux (mgm./sec.)
p measured vacuum pressure mm (cm)
P Standard Pressure 760mm (76.0cm)
pd pressure differential (P - p) mm [or cm]
= (760 -p) mm at S.T.P.
ppd pressure product of p . pd
= p(P-p)
U1 equal to Q cc/sec.
ci
TABLE 77
Experimental and derived data in study of de-aeration of
wood specimens (125 x 100 x 25mm) of E.maculata. (1)
(for symbols see Tables 74, 76 and text)
app.     exptl data (1)             vol. rate, vp.
vac.     air evac.(cc)              cc/sec.(1)
p (a)    ve vs      (ve-vs)  empty  plus
     (b) sample
0.4     1656.30  1473.17    183.1   41.15  43.33
0.9     1646.90  1464.80    181.9   43.65  39.77
1.7     1628.25  1447.05    181.2   41.94  40.38
2.5     1612.43  1433.94    176.4   41.96  40.39
3.0     1573.62  1396.93    176.7   38.32  40.30
4.5     1520.90  1364.50    156.8   38.02  37.37
5.2     1519.91  1363.41    156.5   30.11  32.20
6.3     1460.80  1305.59    155.2   26.09  26.26
8.2     1447.58  1298.91    148.0   22.13  21.69
10.3   1404.50  1263.59    140.9   17.56  16.48
13.5   1332.32  1204.59    133.3   16.39  14.36
app.   F%    Fvw      A (1)    a      E       EA%   EA%
vac. cc   cc     cc       ——
p(a) (c)       p
0.4   99.47  184.0  52.38   0.9   0.989  98.3  24.575
0.9   98.81  183.0  52.38   1.1   0.983  97.9  10.87
1.7   97.76  181.0  52.38   0.8   0.979  98.6   5.795
2.5   96.71  179.0  52.38   2.6   0.953  95.1   3.805
3.0   96.05  187.5  47.82  10.8  0.906  77.3   2.577
4.5   94.07  174.0  52.38  17.2  0.848  67.2   1.493
5.2   93.15  182.0  47.82  25.5  0.803  48.7   0.936
6.3   91.71  179.0  47.82  23.8  0.796  50.2   0.797
8.2   89.21  174.0  47.82  26.0  0.759  45.6   0.556
10.3 86.44  168.5  47.82  27.6  0.723  42.3   0.411
13.5 82.23  160.5  47.82  27.6  0.683  43.1   0.319
notes;
(1) mean based on individual replications (see text).Individual specimen data and replication values used
in Table. Samples were randomly selected from a total of nine separate specimens for each of the
replication measurements. Mean times  to zero evacuation listed as mean “t” (secs.) -  “ve” and “vs”, in
Table 78.
(a) pdif = (76.0 - p) cm. at  S.T.P. “p” shown as mm x 10 
-1 = cms.
(b)  equal to vd.
(c) see data derivation, appendix 38.
i. mean air volume  = 53.9 cc.= 50.4 cc. at S.T.P.
ii. mean Saturated Volume of specimens = 249 cc.at mean moisture content of 46.4%.
volume subscripts;
e = vessel empty.
s = vessel containing sample.
iii. mean values of “vw” (S.T.P.);
(a) calculated from formulae (appen. 38) = 191.45 cc
(b) mean calculated from exptl. data     = 190.1 cc.
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Table 78
Experimental derived functions in evaluation of
de-aeration in E. maculata (125x100x25mm).
p sgp   Q        sgp.Q
2    (p/x1)    Vp / V13.5
(a) x 105   cc/sec   x105      (c)        = R(1)
0.4 0.68  1.51    1.5505   0.0074     2.75
0.9 1.53  1.39    2.9561   0.0080     2.72
1.7 2.90  1.44    6.0134   0.0077     2.71
2.5 4.27  1.40    8.3692   0.0079     2.72
3.0 5.12  1.07    5.8619   0.0104     2.56
4.5 7.69    0.96   7.0871   0.0114     2.52
5.2 8.88    0.53   2.4943   0.0210     2.03
6.3 10.76  0.46   2.2768   0.0241     1.70
8.2 14.01  0.37   1.9180   0.0300     1.40
10.3 17.59  0.26   1.1891   0.0428     1.11
13.5 23.06  0.25   1.4441   0.0445     1.00
p      sgp x Q pQ 
1/2           mean “t”
(a)    x 10 5 (a)            (secs.) (b)
ve     vs
0.4     1.0268      0.4912        40.25   34.00
0.9     2.1267      1.0611        38.67   36.83
1.7     4.1760      2.0400        38.83   35.83
2.5     5.9780      2.9580        38.43   35.50
3.0     5.4784      3.1032        41.07   34.67
4.5     7.3824      4.4091        40.00   36.50
5.2     4.7064      3.7856        50.48   42.44
6.3     4.9496      4.2733        56.00   49.50
8.2     5.1837      4.9881        65.40   58.89
10.3   4.5734      5.2520        79.97   76.67
13.5   5.7650      6.7500        81.63   83.90
notes;
(a) p in mm x 10-1 = cm.
(b) evacuation time (secs.), ve-empty, vs-with sample.
(c) “p” in mm (data rounded off in Table - full values used for all statistical calculations and Graph).
(1) Velocity “Vp” relative to “V13.5”
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Appendix 41
REPRESENTATIVE ANALYSES OF VARIATION OF EXPERIMENTAL
DATA
ON VACUUM EFFECTS ON DE-AERATION OF A SYSTEM AND TIMBER.
Table 79
Analysis of Variance of volume rate of evacuation
of experimental system with / without sample.
States (a) system without specimen.
(b) system containing specimen.
Applied vacuum range 4.0mm to 135.0mm mercury.
Source D S.S. M.S.S. F
applied 10 2196.3759 219.6376 118.2819 ***
vacuum
states of 1 0.8404 0.8404 0.4526 n.s.
system
error 10 18.5692 1.8569
Total 21 2215.7855
Table79a
Table of Differences of applied vacuums.
Values -mean of data states (a) and (b).
v1 v2 v3 v4 v5 v6 v7 v8 v9 v10
v11 *** *** *** *** *** *** *** *** *** n.s.
v10 *** *** *** *** *** *** *** *** ** -
v9 *** *** *** *** *** *** *** ** - -
v8 *** *** *** *** *** *** *** - - -
v7 *** *** *** *** *** *** - - - -
v6 * ns ns ns ns - - - - -
v5 ns ns ns ns - - - - - -
v4 ns ns ns - - - - - - -
v3 ns ns - - - - - - - -
v2 ns - - - - - - - - -
0.001    = ***,   0.01 = **,     0.05 = *
ns = differences not significant.
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Table 80
Analysis of variance of the operating efficiency EA% of
a system over the range of applied vacuums of 4-135mm
Source D.F. S. S. M.S.S. F
between ***
vacuums 10 3998.0804 399.8080 22.0174
error 35 653.7174 18.6776
Total 45 4651.7958
*** significant to 0.001 level.
Table80(a)
Table of differences of operating Efficiency EA% of a
system over the range of applied vacuums of 4-135mm
p4 p9 p17 p25 p30 p45 p63 p52 p82 p135
p103 *** *** *** *** *** ** * * ns ns
p135 *** *** *** *** *** *** ns * ns
p82 *** *** *** *** ns ns ns ns
p52 *** *** *** *** * * ns
p63 *** *** *** *** ns ns
p45 *** *** *** ** ns
p30 *** *** ** **
p25 ns ns ns
p17 ns ns
p9 ns
*** = 0.001, ** = 0.01, * = 0.05, ns = not significant.
Table 81
Analysis of variance of Fraction of Air Extraction E
and applied vacuum over the range 4 - 135mm
Source D.F. S.S. M.S.S. F
between ***
vacuums 10 2.3206 0.2321 8.5963
error 35 0.9445 0.027
Total 45 3.2651
cv
Table 81(a)
Table of significant differences in Percentage of Air Extraction, E, expressed as a
decimal fraction and the applied vacuums 4 - 135mm.
p17 p4 p25 p9 p45 p30 p135 p82 p63 p52
p103 *** *** *** *** ** ns ns ns ns ns
p52 *** *** *** *** ** ns ns ns ns
p63 *** *** ** ** ns ns ns ns
p82 ** ** ** ** ns ns ns
p135 *** ** ** ** ns ns
p30 *** ** ** ** ns
p45 * * * *
p9 ns ns ns
p25 ns ns
p4 ns
*** = 0.001, ** = 0.01, * = 0.05 , ns = no significant difference.
Appendix 42
REPRESENTATIVE DATA ON TRIALS OF MOISTURE CONTENT RANGES
IN PRESERVATIVE TREATMENTS OF TIMBERS BY THE VACUUM
PRESSURE DIFFUSION PROCESS.
Table 86
The comparative CCA salt usage (kg/m3) for spotted gum,
E. maculata, based on total charge volume (note 1), by
treatment processes at vacuums below Critical Vacuum
Conditions (after Cokley and Smith, rep. no 6, 1965b).
process usage N.D.S.R. (note 2)
(kg/m3 total charge)
plant 1 plant 2 plant 3
treatment desired in sapwood
(Note 1.) 11.2 11.2 11.2
average sapwood percentage
in total charge (note 3) 10 10 12
equivalent retention on 1.1 1.1 0.09
total charge (note 3)
retention-conventional 3.36 3.20 1.44
“full-cell”, 100-50mm
mc range (a) < 25% < 25% < 25%
retention-Vacuum Pressure 3.68 3.04 3.52
Diffusion, 100-50 mm
mc range (a) to 40% to 40% to 45%
notes 1,2,3; CCA retention determined by representative chemical analyses over period. The retention at
plant determined on the salt usage (N.D.S.R. kg/m3) for total volume. Mean sapwood ratio determined by
assessment of total charge N.D.S.R. to analytical results of treated sapwood. The proximate plant visual
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estimates were made at only three levels, viz. low,  average, high. All plants were treating spotted gum
from similar  sources.(a). Average maximum range of commercial treatment (cf.Chapter 12) re “Stable
Green Moisture” contents.
Table 87
Typical results obtained in studies on CCA treatment of
timber products by Vacuum-Pressure Diffusion Process as
functions of moisture content (Cokley and Smith, 1965b)
plant  species mc (x) salt retention
series content anal. reqd.
range (m) (a)(1) (2)
1   spotted gum to 40% 15.30 11.2
(sawn) 10.88 “
  9.92 “
17.60 “
2   grey satinash 69-81 0.76% 0.12%
rose butternut 53-71 0.94% 0.12%
rose butternut 65-70 0.56% 0.12%
3   spotted gum to 45 16.64 16.0
poles (b)
4   mixed euc. spp. 35-60 to 11.2
sawn, mainly >16.0
spotted gum
5  spotted gum (b) to 50% 20.0 + 20.8
and mixed euc. (c) (d)
spp. poles
notes;  (m) cf. Section 12.5.4, Chapter 12.
(x) moisture contents measured by oven dry methods on samples.
(a) series based on full charge, standard sampling (Chapter 10). Minimum eucalypt sapwood- 12mm
thickness.
(1) The CCA concentrations based on chemical analyses. A minimum of six specimens were CCA
gradient tested for each moisture content condition / charge in each series.
(2) required retention in sapwood, or in starch positive, zones respectively, cited as % m/m.
(b) typically, poles were from regeneration stock.
(c) cf. recommended schedules for the moisture contents
advised. (d) increased due to soft rot problems.
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Appendix 43
Table 88
Diffusion Process and / or at the Critical Vacuum Point
(nominal 25mm) [extended, and modified, from the initial
schedules, Cokley and Smith, 1965a], with CCA salts (n).
item minimum retention (kg/m3)
required in treated zone (2)
anti-(1) ext. ext severe
Lyctus (3) (4) hazard
g.p. not in
int.       ingrd. grd.
minimum conc.(core) 0.04% 11.2 24.0 24.0
(1)  (f) As2O5
- other than pines 5.6
for pines (f) 5.6 8.0 14.0 24.0
solution conc.
% m/v (a) 3.5 5.0 7-10 7-10%
minimum desirable
operating vacuum mm. 75 75 75 75
recommended
operating vacuum mm. 25 25 25 25
maintenance period
of vacuum prior to
flooding (b) -mins. 15 15 15 15
rate of flooding rate of flood dependent on cylinder
of solution into size such that vacuum level is not
cylinder. decreased, depends also on vacuum
pump capacity (typical 20-40 mins).
maintenance (5)
period (mins.) of 90 90 90 150
vacuum at 75mm,
after flooding of cylinder
maintenance (5) 60 60 60 90
period (mins) of
vacuum at 25mm,
after flooding
maximum pressure 1400 1400 1400 1400
kPa.
maintenance (5)
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1400 kPa.
final vacuum 15 15 15 15
(mins.) / 75mm.
moisture content 60% 60% (d) (d)
of treatment (g) (d)(e) (d)(e)
maximum moisture 50-60% 40-50% 40-50% 40-50%
recommended (c) (h)
notes;
(1) anti-Lyctus treatment is based on the percentage m/m. oven dry weight of arsenic pentoxide in all
starch containing timber. Treatment by compounds of boron use similar schedules with respect to times
and vacuum.g.p. int. = internal use protected from weather.(2) As retentions are based on a kg/m3 basis,
low density species require a higher percentage mass/mass retention to give equivalent N.D.S.R. to high
densityspecies.(3) not in ground contact.(4) in ground contact.(5) for all maintenance cycles, charge
must remain covered by adequate solution levels. For conventional processes, it must include the period
of “breaking vacuum” prior to pressure  application.(n) Though Table 88 refers to CCA salts, similar
data(Cokley and Smith, 1966 [revised 1969]) were assembled for boron, mixed boron/ fluoride, dieldrin
treatments. (a)(i) Solution concentration determined by hydrometer shows a positive error when
correlated against chemical analysis (cf. Chapters 10, 11).   (a)(ii) Where retentions in excess of 32kg/m3,
eg.marine piling, a CCA solution concentration of 10% m/v is economically preferable for hardwood
species.(a)(iii) For anti-Lyctus treatment only, CCA solution strength as low as 1.5% m/v was
satisfactory, but for normal operations a 2.5% m/v concentration is used. (b) Maintenance period prior
to flooding is to enable an operator to ensure system is operative and to prepare charge sheets  etc.
(c) For interior and anti-Lyctus treatments, many rain forest species (Group 1) were satisfactorily
treated up  to 90% mc. However for these conditions, use of boron compounds (Cokley and Smith, 1966
[revised 1969] had been recommended.  (d) Issued subject to check on individual species and plants.
Maximum moisture content in specimen [see note (g)].   (e) For use protected from the weather.
(f) Severe hazard increased from 16 kg/m3  due to incidence of soft rots.  (g) Author’s Note; see text
(Chapters 3, 8, 12, 14) for discussion of moisture content, “Stable Green MoistureContent” for
treatment.(h) generally applicable to species of Groups 1, 2A, 2B, plantation softwoods. For denser
species, cf. note (d).
Appendix 44
A REVIEW OF THE FIXATION, OR “PERMANENCE”, OF CCA SALTS.
EFFECTS OF COMPONENT RATIOS AND POST-TREATMENT
SEASONING. DISTRIBUTION STUDIES BY SUB-MICROSCOPIC
TECHNIQUES. LONG- TERM RESULTS BASED ON QUEENSLAND
SERVICE CONDITIONS.
While most research emphasis was placed on  relativity of fixation, or (as preferred by
this writer) of “a residual value” or “permanence”, for service adequacy against  nominated
hazards and, in later years, on sites of CCA deposition in hardwood timbers, the author
found much wider areas of concern influenced by this characteristic property. These
included (at plant operational levels) treatment and handling, including seasoning, of
products, site pollution, aspects of industry uses, user health and in general pollution, as well
as for legal, or industrial requirements. Electrical conductivity and corrosion are indicative
of problems related to fixation. In a wider sense, the term may be defined as resistance by
CCA salt components to leaching under service conditions.
1. The correlation of CCA preservative formulations as an Index of permanence and
of service efficiency based on overseas research.
Correlation of preservative fixation (preferably defined by the writer in terms of
“permanence or residual value”) as  a function of nominal formulation  is valid if it can be
shown residual values in a product, and efficiency of the CCA multisalt preservatives have,
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in fact, performed effectively with their results dependent on the relative theoretical fixation
predictions based particularly on salt (refer 1.v), or the elemental, eg. Cr/Cu/As, ratios. If
however it is invalid, then residual value should show no adequate correlation with those
ratios.
1.i. For performances of multisalts, proponents of the theories of dependence on only
elemental ratios in timber (particularly measured by modern instrumentation), rather than
a consideration of also the original salt form, tend to ignore roles of those component forms
in preparation of and the stability of commercial solutions (Chapter 10) for treating timbers,
with consequent effects on products treated and thus service performance.
In practice, variability of species treated and service conditions (Chapters 3, 8, 12, 15)
have major influences on the performance efficiency of these preservatives. Such results
may vary significantly from laboratory studies on controlled mixtures and species. An
important role for this writer was in establishing if adequate correlations existed between
service data to laboratory test criteria.
1.ii. Service data (McMahon et al., 1942, McQuire, 1969, 1971) showed that,
particularly for softwoods of overseas origin, the CCA salts were reasonably permanent and
gave adequately effective protection for “exposed” and for “in-ground” service against the
normal insect and decay hazards. Studies were undertaken by a number of workers into the
mechanisms of fixation and possible methods of laboratory prediction. The degree of
“permanence”, or of “fixation”, was accepted as the residual value (expressed as a
percentage of the initial retention, frequently only in terms of the elemental form) remaining
after specified leaching times or conditions. Only limited correlations were made with
service performance (including species).
E. maculata posts
after 6 years service in New South Wales. Based on a cold water leaching technique for 16
months, they concluded there were small differences for the arsenic component, but not for
either the copper or chromium component between the above, and below, ground condi-
tions. They found variation (cf. Table 67, Appendix 30B) on the component leach rate,
which was dependent on the method of extraction. They expressed surprise at the variation
in both component balances and salt retentions along the longitudinal section.
1.iii. Specimen dimensions.
Short length sections are often used for the preservative impregnation for entomologi-
cal, pathological, or chemical research, which included fixation studies. The author had
demonstrated (Chapters 10, 12, 14) that, unless the test  specimens are “end-sealed”, where
short specimens, eg. 3 to 5cm in length, were experimentally treated, effects of gradients
and variation in distribution of the components are minimal. The penetration is principally
longitudinal and a negligible resistance to flow occurs.
This “masking” can be found in lengths up to 20cm. It is dependent on species and is
a function (Chapters 10, 12) of preservative type, formulation  and treatment process.
Unless specified (or nominated), these “masking” effects  frequently caused anomalies in
1.iv. Leaching ranges from Soxhlet extraction to cold water shaking and there is
extensive literature (British Standards Institution, 1961) on this topic, but there was a dearth
of references to species effects (Appendix 45). Workers on CCA fixation included Rak and
Clarke (1974), Da Costa (u.d), Fahlstrom et al. (1967),  Hagar (1969), Wilson A. (1971),
Henry et al. (1967), Jain et al. (1960) and Purushotham et al. (1959). Specimens generally
ranged from small blocks to wood flour or to microtome sections. Although Rak and Clarke
show agreement between analysis of leachate and specimens, Fahlstrom describes disturb-
ing variability - similar to this writer’s results - between leachate and specimen. Hager
showed the influence of the acidity and, recognising there could be possible effects of salt
gradients on leaching, he concluded laboratory leaching was not a totally correct indication
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of service performance. Wilson  used impregnated sawdust to study effects  of elevated
drying temperatures on CCA fixation  (they were positive) after impregnation, results
which supports the author’s experience of kiln drying, or high ambient temperatures, on
products after treatment. Based on kinetic studies, Dahlgren (1972) and co-workers (1972)
suggested fixation mechanisms for CCA salts. McMahon et al. (1942) proposed a number
of theoretical compounds formed from Greensalt “E” by reduction. McQuire (1959) shows
soluble salts may affect soil block tests.
1.v. Some workers (Fahlstrom et al., 1967) did  correlate CCA formulation variations
and had developed three phase (triangular) graphs based on component ratios. McQuire
(1971) reported service results on a large range of CCA formulations where the elemental
ratios varied over a large range. Material, based on five formulations, which varied in ratios,
retentions and site, was assessed after 15 years. There was no correlation between service
performance and elemental ratios. There is little data in literature on influence of variation
of salt distribution in wood, or effects of species on the deductions by those workers.
These aspects and need for standardisation in this test, led the writer to develop
laboratory leach techniques of samples (suitable for local requirements and species) and
these are described in Appendix 45.
1.vi. There were deficiencies in many cases of “fixation” research in that, rather than
the typical study which was based on an elemental ratio only, there were insufficient
allowances made for the actual salt forms used and modern analytical techniques, such as
by atomic absorption spectroscopy, emphasised this approach to discussion on elemental
aspects only. In illustration of these aspects, the writer cites possible use (as equivalent
elemental Cu) of a cuprous salt,  rather than the cupric sulphate, in a formulation. For such
salt changes, the theoretical reactions, eg. the influences of either wood “reactivity”
(Chapter 8) or of extractives, would vary.
Essential roles which are played by hexavalent chromium (Chapter 10) salts in
theoretical reactions are not shown by assessments based on elemental chromium. They
include the necessary low pH values (Kaufmann et al., 1940) for CCA treatment solutions
(Chapter 10) and that component precipitation occurs at higher pH values which are of the
same order (Chapter 8) as untreated angiosperm sapwood.
1.vi. Effects of seasoning on fixation.
Some workers (Henry et al [1967], Jain et al.[1960], Puroshotham et al.[1959, 1960])
had examined seasoning effects up to six weeks.  Puroshotham and Tewari (1960) discuss
influences of (two) species, of seasoning and sample size on leachability of various
preservatives. For local conditions, but  dependent on sapwood thickness, the writer found
seasoning for up to, at least, six weeks (air drying)  was required, with the  essential need
for reduction in moisture content to below FSP. Kiln drying was effective in increasing the
service permanence.
2. Influence of wood constituents and extractives, which may include reducing
compounds, on CCA fixation.
Evidence  (refer  “crystallised plug” hypothesis, Chapter 12, Cokley, [1969, 1971] and
Da Costa [1969, 1971]) had suggested a different fixation mechanism for hardwoods.
There were significant variations in distributions of CCA components (cf. Chapters 8,
10, 11, 12, 15, Table 89) between softwoods and hardwoods. Evidence also indicated (see
discussion on sub-microscopic research, Section 3) cellulose complexes were formed with,
especially, cupric ions. Theoretical reactions (eg. McMahon et al. [1942]) described the
The writer considered (Chapter 12) that a non-uniform concentration of, and distribu-
tion of, reducing compounds in local species could result in a variable fixation in hardwood
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timbers. Liese (1958), as a visiting scientist to CSIR0, agreed with the writer on his theories
re this variability. Natural reducing extractives in wood tissue differ in values and in sites
(eg. sapwood and heartwood) within, and between, species. For  wood extractives to be
effective in reactions with impregnated CCA  components (Chapters  8, 12), it is suggested
that such extractives should be both water soluble and dependent on pH (as CCA solutions
are generally of the order of pH 2-3 [Chapters 10, 12]). Importantly they should be
accessible  for any   reaction with CCA salt components. As natural extractives varied with
condition of removal from timber, the writer standardised on mono- and di-saccharides as
a measure of “residual reactivity” of components (eg. reductibility  of the residual
hexavalent chromium salt (cf. Chapter 10) in a specimen. Levy et al. (1972) used solvent
techniques to obtain natural extractives to measure reducing effects for BFCA mixtures.
3. Representative sub-microscopic distribution studies.
The writer considered Preston’s (1959) data as initial studies (softwoods) on use of
sub-microscopic techniques  on the distribution of wood preservatives. Belford et al. (1959)
examined distribution of Tanalith C in Douglas fir Pseudotsuga taxifolia, using optical
microscopy, electron microscopy and electron diffraction techniques. They suggest a
metallo-cellulose complex may be formed.
Chou et al. (1973) used analytical electron microscopy to study the distribution in
Scots Pine. They concluded there is impregnation of toxicant within the cell wall and a
coating on the lumen surface.
They report some divergences between E.M.M.A. results and chemical analysis,
which are in agreement with (Chapter 12) this writer’s findings. Using an electron
microscopic method, Rudman (1966) studied  CCA penetration, including preservative
solutions, into cell wall capillaries and pit membranes of E. obliqua and E. maculata.
Greaves (1972) used E.D.A.X. techniques to study CCA distribution in P. radiata and E.
regnans. He also (1974) used S.E.M. to examine salt micro-distribution in P. radiata
sapwood, E. regnans and E. maculata.  Based on comparative count, Greaves detected a
heavy concentration associated with vessel to ray pit membrane (cf. Plate 3a, Chapter 12).
His results on eucalypts tested confirmed findings by the author that principal component
deposition is associated with the vessel lumina.
4. Local (Queensland) service experience on residual CCA salts as a function of
formulations.
Including products from New South Wales (from 1957), the initial commercial CCA
operations (from 1961) were based (AS 1604-1980) on Tanalith C (later Celcure A). From
1963  to 1966 (Chapter 10), variations in salt formulations and presentations (eg. paste
concentrates) were made in these salts on a national basis. Tanalith CA, and Celcure AP
(major salts used), were substituted for all uses. Thus both CCA salt types 1, 2, (Chapter 10)
were represented. Other equivalent salt products were marketed by smaller suppliers.
4.ii. Relativity of the service performance of treated products to CCA formulations and
elemental ratios.
a. when products were used internally, or under protected situations, there was general
agreement (refer species effects, Chapter 15) with  component ratios of  solutions with which
they were treated (cf. Chapter 10).
b. For most external situations, except in, especially, hardwood timbers submerged
under water, the evidence pointed to an equilibrium residual value being present in terms
of component balances.
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These did not relate significantly either to the nominal formulae, or to elemental ratios.
That was in agreement with McQuire’s (1971) evidence. Results of performances and
relation to formulation are described below in terms of timber product usage.
4.ii.i. Basis of comparison to conditions at the time of treament.
4.ii.i.i. Comparison included correlations based on the initial charge (refer 4.ii.i.ii
below) treatment records of retention and which frequently  included results on treated
specimens. These records were (Chapters 2, 10) maintained by the plants and the Depart-
ment (including an assessment of plant “efficiency index” [cf. Chapter 10]). As described
(Chapters 2, 10), it was a common practice for local statutory authorities to utilise
departmental services for initial testing of products, such as these under discussion. For the
purpose of service correlation, data was tested against chemical analyses of timber
components in usage applications for both “above-ground” and, where applicable, for
“below-ground” (or submerged) zones.
4.ii.i.ii. Verification  of the original treatment data in service studies.
As is indicated in Chapter 2, requirements under the State Acts (TMA, 1946, T.U.P.A.,
1949) and SAA documents (eg. AS 1117-1970) included a plant identification and, for large
round products, an embedded durable metal disc with plant brand, treatment date (or charge
number) was mandatory. For general products, with limited exceptions (moulding timbers
of small section), the plant brand was applied and a certificate of treatment was supplied by
the treatment plant. Though originally intended as source identification when a dispute
existed, for this purpose of service performance, those requirements ensured the writer
could verify the product history of treatment and correlate service performance, including
residual salt concentrations. Originally (Rudman, 1966), many workers considered fixation
of CCA salts was rapid, but  examples were found, where due to “unprotected” storage or
their  installation into service soon after treatment, loss by rain leaching (Appendix 45,
Chapter 15) appeared as the probable cause for low residual salt concentrations. That effect
was found particularly in some service poles. Discs on marine piling and transmission poles
(Chapter 15) enabled individual source identification.
5. Conclusions (and reasons) on service performance.
5.i. the author based his conclusions (Chapter 10) on;
5.i.i. Departmentally, a large number of structures in treated softwoods and hardwoods
had been installed. These ranged from dwellings or offices to special uses such as Fire
Towers. Other uses (Chapters 8, 15), many controlled by Government Departments, or by
Statutory Authorities, included a range of applications. They embraced hardwoods and
softwoods, including exotic plantation species.
5.ii. Results (Chapters 10, 15) for building and general above-ground applications
were adequately satisfactory. Differences were found (Table 89, Chapter 15) to occur for
some species.
5.iii. For  cooling tower fill (in softwoods) there were some salt depletions but service
failures were mainly due to physical causes, such as breakages.
5.iv.  For in excess of 44 marine piling (hardwoods), major depletions, with salt
balance redistributions, were found (2 sites) in two to four years in the submerged sections.
There were reasonable consistencies in residual values for portions above tidal regions
(Chapter 15). In two other sites, an  equilibrium condition was found with measurable
depletions, and divergences, about the mean value for below the tidal range, but with
decreases when compared to results for above the tidal zone. In all cases, below tidal range,
a re-distribution of especially the copper and the arsenic salt components was noted. In
terms of these changes, no correlations were found with respect to nominal salt formulations
or elemental ratios.
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5.v. For hardwood poles, where “below-ground”  service hazards (Chapter 15) and
loss of treated timber zones became significant, residual CCA values and performance
could not be correlated (these were inclusive of “above- ground” results) against either
nominal formulations or elemental ratios.
Conclusions were based, inter alia, on inspection and analytical data from  in excess
of 600 (hardwood) transmission poles in service, as well as round and sawn softwood (in-
ground) timbers for service periods up to 15 years. Leaching (Appendix  45) studies (refer
Table 67, Appendix 30B) and density (Chapter 15) determinations were made on most of
these. This was additional to special studies, eg. 300 service power poles under trial in
Mackay R.E.B. (Chapter 15) districts and approximately 100 test pole stubs exposed near
Dalby and near Innisfail (which had been analysed before and during their service exposure
and assessment). Additionally, the author had  carried out a number of personal inspections
involving about 5000 to 6000 poles in all (Electricity) districts  and this extended to sites
in all of the eastern States.  Chemical studies (in Queensland)  were made on a large number
of these. There were no significant relationships between CCA nominal formulation (eg.
Types 1, 2 [Chapter 10, AS 1604-1980]), residual concentration of components or service
effectiveness.
The author’s assessments on salt formulation relativity to service results (Chapter 15)
were based on  comparison of “above-ground”  residual CCA salts to “below-ground”
positions and compared to treatment plant records. These were examined on total chemical
analyses (and density changes), which included leaching studies (Appendix 45) where
appropriate.
Appendix 45
EFFECTS OF VARIABLE SERVICE CONDITIONS AND PRESERVATIVE
DISTRIBUTION ON THE SIGNIFICANCE OF FIXATION STUDIES. THE
DEVELOPMENT OF A STANDARDISED LEACHING TECHNIQUE FOR USE
WITH LOCAL TIMBERS.
1. Importance of, and requirements in, leach studies on treated timbers.
1.i. The writer’s interest in methods and applicabliity of laboratory small specimen
leaching studies began with the use (Chapters 8, 10) of mobile preservatives. Needs for
predictive evidence of a “preservative permanence” under variable conditions of exposure
and/or service led to laboratory studies and these are illustrated by;
1.i.a. The commercial and user suitabilities of products treated by these salts and
adequacy in service exposures, illustrated by boron treated products, such as plywood in
external or marine applications (Chapter 10) or external, dressed cladding or (restricted) use
for food containers.
1.i.b. situations after treatment where products, such as sawn boards, were exposed to
heavy, continuous rain and typified by North Queensland “wet seasons” (but extended into
both South Queensland and Northern Rivers [N.S.W.] areas). Results demonstrated
horizontally stacked boards (Appendix 14) suffer salt losses from leaching which vary from
surface only to severe, with species effects present (Chapter 12). It was necessary to confirm
that a residual concentration (a function of total  rainfall and period of exposure) was
adequate for protection against attack by Lyctus spp. For vertically placed boards, the
leaching effects varied but with reduced loss of preservative and with species effects
present.
Study of service structures, illustrated by painted (oil- base paints) slash pine
chamferboards, treated with boron salts by the Dip Diffusion (Appendix 14) process. at the
field laboratory at Beerwah Forest Station. They showed almost total salt loss under 10
years of service. Service data also demonstrated relationships of residual salt to:
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(a) preservative concentrations (cf. Chapter 10).
(b) surface to thickness ratio of the timber, or product.
(c) time of exposure, especially to a liquid water phase. The writer found moisture
content increases of a product in service were principally due to humidity but with some
effects due to retention of water in the liquid phase.
1.i.c. submersion of treated products under flood waters.
For this situation (Chapter 3), the general findings were coverage of the timber by silt
or mud layers such that liquid penetration was minimal (other than thin sections, eg.
mouldings). However, where certain products, such as urea-resin bonded chipboards, were
sensitive to increase in humidity and moisture, this resulted in  swelling and degrade (often
to failure), independent of silt layers.
1.ii. Interest in laboratory leaching extended with the adoption of CCA multisalts, for
which the leach research needs were  similar to boron, but salt loss was on a much lower
scale and was dependent on component. For treated products (Chapter 15) the general
situation is described in Appendix  44, with a need for seasoning before use. Effects
(additional to leaching) found in some products (particularly small diameter softwoods)
treated by CCA salts  were  caused by surface crystallisation (sulphate by-products), termed
“blooming”. Leaching service studies included departmental structures, of which two cases
are cited as illustration. Both involved external softwood sheeting finished with water-
based acrylic paints (use of linseed oil based paints presented problems). They were;
(a) a cottage erected at Rocklea (a southern Brisbane suburb), where salt “blooming”
was significant. Painting problems were rectified in co-operation with the research
laboratory of a major paint company.
(b) At a field office at Paschendale (Granite Belt, South Queensland, dry climate),
leaching of dichromate salt was significant. It caused corrosion of galvanised iron ant-
capping and adversely affected an adjacent garden.
1.ii.i When uses such as transmission poles, marine piling or cooling tower fill became
widespread, the need for a rapid evaluation of salt permanence increased.
Based on leaching, long-term  studies (Walters, 1972) showed the most severe service
for CCA treated timber was as cooling tower fill. That was accentuated by large surface to
cross-section ratios, by large differences in temperatures of water passing through the
tower. Importantly, the leaching was under conditions, including velocities or gravitational
flow, such that saturation of the water by salts did not occur during time of contact with
(softwood) timber fill.
1.ii.i.i For CCA products, especially for round utility use, the writer established a need
for adequate fixation, with reduction in moisture content of the treated zone. Unless that
took place, leaching losses occurred which resulted in low total salts during service. Under
normal conditions, fixation occurred as in 1.ii.ii below.
1.ii.ii. In summary, subject to  adequate preliminary seasoning for fixation, vertical
products of low ratios of surface to thickness - applicable to poles and piles, which were
normally “capped” - when exposed to rainfall did not exhibit rapid leaching of CCA salts.
1.ii.ii.i. Both species structure and  CCA constituents appeared significant in all cases.
Author’s note; in this context, but with inclusion of the service situations, impact of
biological agents (Chapter 15)  is excluded for other than the discussions (Sections 2.ii.ii,
6) on leaching and degraded specimens.
The writer attributed the species effects as being due to;
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a. wettability (Appendix 15).
b. restricted flow paths which implied that leach water movement was “total” for
softwoods, but was predominantly through vessels and rays for hardwoods and with greatly
reduced flow rates in fibres.
1.ii.ii.ii. For sections below ground, general results were dependent on soil type, on
drainage or moisture and a soil layer coated the external timber surface.
1.ii.ii.iii. for marine piling, dependent on site, on water quality, turbidity and flow rate,
leaching was variable. For the “above-tidal” water level, losses were small and reached
equilibrium. Below “tidal” water level, losses ranged from very high to moderate.
Impregnation by silt and “surface fouling” of external layers were noted.
For piling, abrasion by mooring ropes was a problem in ensuring that the “envelope”
of treated timber remained intact.
2. Requirements for assessments of leaching.
Two important requirements in leaching studies were both complementary and
contradictory. They were;
2.i. Where the aim is service life in terms of active preservative the criterion, for single,
mobile salts in protection against a specific hazard, eg. Lyctus spp., is analysis of total
preservative  against time of leaching. This is not suitable as a means of assessing if
(Appendix 44) a preservative formulation was adequately “fixed” to continue to provide
protection against hazards, generally decay organisms, for an extended service life. This
was a major reason (Appendix 44) for the writer’s preference for the term “permanence or
residual value”. In theory, a formulation can demonstrate, under controlled laboratory
evaluations, zero, or negligible, leaching - or loss - depletion, but may not provide good
service results.
2.i.i. In contrast to i. above, and, as found by McQuire (1959), presence of soluble salt
components may affect studies of efficacy against a test hazard. BS 838 (1961) assumed this
latter situation as one reason for leaching studies on specimens prior to toxicity studies.
2.ii. Local additional reasons for leaching studies.
Additional to the above, the writer (Appendix 44) found a number of important reasons
to undertake research on leach study techniques. Two examples are;
2.ii.i. Comparison of the effects of service climatic conditions (Chapter 3) in terms of
retention of residual preservative, typified by external, unpainted, cladding in species
susceptible to deep checking.
2.ii.ii.  the decrease (Chapter 15) in cellulose content caused by fungi,  such as “soft
rots”, certain bacteria, or by marine borers (using cellulases). This results in a consequent
decrease in effective concentrations of the “fixed” copper (complexed with cellulose) and
a possible increase in soluble levels compared to the above ground condition. Site pollution
may be a result.
3. Research into Leaching.
3.i. For reasons typified in Section 1,  variations in a product or service exposure
conditions and preservative formulations (including the reactivity [Chapter 8] with wood),
will all affect leaching results. The optimum for definitive research is based on service
studies. That required an extended time span and multiple replications of species or
preservative (with ranges of retentions and exposure sites). For operational needs, that time
span, by itself, was inappropriate.
3.ii. Modified procedures, modelling service leaching, as illustrated by studies by
Nicholson and Levi (1971) and Walters (1972), ensured close control, also suffered from
time constraints.
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3.iii. Laboratory research.
For rapid evaluations of fixation in timbers, especially for water-borne salts such as
multisalt CCA types, the specimens (BS 838, 1961) were usually treated  in small
dimensions and  fixation was generally correlated on the residual salt  determined (on sub-
samples of the treated small specimens) as the difference between analysis of unleached
control specimens and the quantity of salt(s) removed  by leach liquids under nominated
conditions. The sub-samples (after the preservative treatment) were often leached concur-
rently in the same extracting vessel. To reduce experimental variables, it was (and is)
customary by many workers to pre-select specimens within a close tolerance of density and,
subsequent to impregnation, to re-select leach, or test, specimens for evaluation. These
variations are exemplified by differences in salt uptake between “earlywood” and “latewood”
in exotic softwoods, or in the variations (Chapter 8) in absorption reported by Rudman
(1959) between sapwood material taken adjacent to heartwood to that from outer zones.
3.iii.i.a.  Especially for hardwoods and based on analysis of matching small specimens
(BS 838, 1961), percentages of CCA salt components leached by, and contained in, the
water, were found by the writer (Appendix 44) to reach an extraction equilibrium condition
3.iii.i.b. Relative to control wood analyses, there were un-explained differences
between the results on replicate sample leachates with the analyses based on extracted,
washed, air-dried samples after leaching. This difference was confirmed by the writer, who
showed  that, when many angiosperms containing extractives were leached, there were
quantities of preservative components, particularly the chromium and copper salts, precipi-
tated within and on internal walls of the reflux flasks. When water was used as extractant,
it was found due to the flask (and water) temperature (100o C.). When wood extractives are
present (Chapter 10), CCA salts are temperature sensitive. This necessitated an additional
step of precipitate recovery by an acid wash. This was not a significant problem with
gymnosperms tested.
4. Requirements, in  operational research  by the writer, for preservative leaching
studies.
Though techniques such as by “ cold or warm” water, or by solvent, leaching, including
studies on “extractive free” material (A.S.T.M), were used as reference procedures, a
standard method (Section 6) was developed and employed by the writer for reasons of;
4.i. To meet needs, including time restraints especially on performance  problems, the
writer required a rapid, consistent assessment of both residual and of potentially soluble
salts. That required obtaining comparative data in terms of possible maximum change in
fixation between two, or more, service conditions. The procedure measured maximum
possible soluble salts (compared to the reference point, eg. above-ground positions) and
tested to assess if they were influenced by service conditions. Conditions included attack
by fungal organisms, by marine animals, insects, or by phenomena such as fire or floods.
For the local hardwood species, due to selective sites of preservative deposition (Chapter
12), the then standard laboratory methods (BS 838, 1961) were impracticable as specimens
for leaching may vary in CCA component salt retention (Section 5.i) and include degraded
material.
Use of ground material (cf. Chapters 6, 10)  was found to be the only practicable
procedure for an  assessment, additional to total leachable salt,  from the decayed or
damaged (eg. by marine borer) timber zones.
Criteria were comparisons  of “residual values” under conditions where any possible
differences of significance are between the situations examined.
This difference is illustrated by examination of a tidal marine borer attack zone when
compared to material above water line. When compared to CCA levels immediately after
treatment, (or controlled air-drying), a nominal salt loss [or re-distribution (Chapter 10)],
may have occurred due to site or degrade. Table 67 (Appendix 30B) shows the  residual
leachability in eucalypt spp. after service as poles. It demonstrated service exposures  to
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leaching by excessive rainfall and floods remove only low percentages of components
potentially available for leaching. Reasons for the apparent anomaly are discussed in
Section 1.ii.ii (also Section 1.ii.i.i and Appendix 44).
5. Factors significant in selection of sample physical form for leaching studies.
5.i. Effects of species.
Influences in hardwood species (Chapters 8, 12) of the CCA distributions within the
product have been examined. Conclusions were drawn  (Chapter 12, Table 66 (Appendix
30B) that, for  angiosperms, the major concentration was as a “ crystallised plug” within the
vessel, a coating on the walls and in both vertical and radial parenchyma. There were no
measurable concentrations in fibres. Evidence from vessel volumes  converted to “Specific
Vessel Void Volume, SVV” (Chapter 12, Table 68, Appendix 32) indicated values varied
from about 15% to 60% as a percentage of unit cross-sectional volume. Hence,  random
splitting of specimens into small thin sections causes a variability within and between test
samples and species. The writer confirmed a similar situation exists for the exotic
softwoods, eg. P. elliottii var. elliottii, where ratio of earlywood to latewood is variable
(Chapter 12) and their relative preservative concentrations (Table 65, [Appendix 29]) are
significantly different.
5.ii. Other factors, caused primarily by the treatment practices, influenced leaching
studies and results.
In addition to variable distributions caused by the wood structure, they included
differences of;
5.ii.i. variations (Chapter 10) of the  salt retentions between individual specimens
about a charge average.
5.ii.ii. longitudinal variation, including wood density (Chapters 3, 8, 12), in any
specimen about the average.
5.ii.iii. gradients with depth, eg. within a 25mm thick board, the “core” is about 60%
of the cross-section. This ratio is present in sapwood of treated round timbers. It decreases
to lower ratios (percentages) with increase in the thickness of section and sapwood
dimensions.
5.ii.iv. for multisalt preservatives, eg. CCAs, the evidence (cf. Chapter 10, Graphs 19,
20, Tables 36, 37, [Appendix  38]) shows total salt concentration gradients. There are, at
the same time, separate ones for each of the three components. Table 89 (Chapter 15) and
Plate 6, illustrate effects of species on component distribution. The gradient relationships
are generally characteristics of different species (Reactivity [Chapter 8], Chapter 12,
Wettability (Appendix 15) and can result from service conditions. These large changes in
salt gradients and component ratios have an influence on the application of hypotheses
(Appendix 44) for fixation of CCA salts based on nominated specific salt, or elemental,
ratios. They occur in softwoods and hardwoods and these differences became significant
factors in the service performance of treated timber.
6. Standardised Procedure for leaching studies.
6.i. Based on extended studies leading to development  (Section 6.ii) of a standard
leaching method, the writer found significant anomalies when using thin sections of
hardwood species and these effects appeared related (Section 5.i) to the  variable represen-
tation of sites (vessels) of preservative in the thin specimen. From a  range of comparative
studies, the author suggests that when component determinations in specimens, based on
submicro-distribution measurements on very small samples, are compared to macro-
analysis (using high sensitivity methods) of representative samples, differences could cause
the anomalous results cited by Chou et. al. (1973).
6.ii. After an extensive research, the writer found these effects could best be eliminated
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by use of a ground (40 to 60 mesh) sample taken from a “macro-section”, such as a 12mm
plug  from the product under  evaluation (usually a minimum of two plugs were taken).
This  was (Chapters 4, 6, 11) similar  to other chemical studies on timbers.
With this procedure, a representative mass (typically 5gm) is leached in a “thimble”
using soxhlet techniques, such that extract temperatures (at the sample) were  60-65o C.
Samples (selected from the four quadrants [in round products], or multiple points in other
products) were separately leached for each condition and component being studied. Due to
precipitation problems described above, an added important difference  was that, after
washing (tests included centrifugation) and air-drying, residual components were deter-
mined on ground material samples (separately leached, triplicate determinations) and not
on the leachate. Table 67 (Appendix 30B) illustrates the practices. The procedure was
standardised and was shown to be consistent.
6.iii. Comparison by the writer with techniques such as described in BS 838 (1961)
showed extraction of a ground wood meal is more rapid but results were statistically
reproducible within and between specimens.
6.iv. Relationships of Extraction with time.
Under normal extraction conditions,  there was noted a general relationship between
percentage leached for each component and a logarithmic function of leach time, which
transformed into a relationship of the form;
R%   = a - b [(log t)]                      (45.1)
where
R% = residual amount for each component in specimen.
Expressed as percentage leached, “L%”, as R% = (100-L%), equation (45.1) became;
L% = (100 - a) + b [(log t)]              (45.2)
where
t = leach time in hours.
Values of “L” (and constants) were dependent on the procedure, but the effects of
species  and salt component were significant.  When extraction times were extended,
including shorter time intervals, the writer found that, at equilibrium, extractions values,
involving “R” and “L”, became almost linear relative to the (log t) axis.
Appendix 46
LEGAL AND INDUSTRIAL ASPECTS OF SERVICE PROBLEMS, SUCH AS
HEALTH OR FAILURE OF PRODUCTS (PILES AND POLES) AND WITH
EMPHASIS ON CCA TREATED MATERIAL, WHICH WERE UTILISED BY
STATUTORY BODIES. WOOD POLE AND “SOFT ROT” COMMITTEES.
1. For both the Electrical Industry  and the Harbours and Marine (including Harbour
Boards) organisations there very significant legal, industrial, commercial and common law
responsibilities, involved with performance of these products. Certain applicable aspects
will be expanded in a discussion (Chapter 15) of power pole problems. Insofar only as they
affected or related to the service problems and their rectification it is desirable to briefly
outline  appropriate organisations of these two groups.
2.i.i. Organisational aspects affecting use of treated products.
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Each of the marine and electrical  industries operated as a number of separate
independent organisations, termed Harbour, or Electrical, Boards with locally elected and
appointed memberships and with each Board operating under the aegis of Department of
Harbours and Marine and State Electricity Commission (S.E.C.Q.)respectively.Both
groups separately co-ordinated policy decisions by their Management conferences, but the
electrical industry also operated by working committees of which the Wood Pole Commit-
tee (on which the writer was a member) and the Work Procedure and the Safety Committees,
were involved with power poles and with the distribution systems. There were regional
(local) power generator units. Electrical supply organisations were associated in Australia
by the Electrical Supply Authorities of Australia (E.S.A.A.). In about 1975-1977, a political
decision was made to review and re-organise the electrical industry with amalgamation of
power generation and Boards. Thus,  the Brisbane City Council authority was amalgamated
with the now S.E.Q.E.B.
2.i.ii. Harbour and Marine installations.
For marine piling and timbers, international laws placed full onus on such as Harbour
Boards and that Department. That onus also applied to non-timber installations.
That applied for  any damage to shipping or moored craft and to personnel  if caused
by a failure to maintain the structures (including mooring piles) in safe conditions and where
a user of those structures could reasonably expect satisfactory service in terms of the
purposes for which they had been constructed or installed.
Author’s note; applicable to both piling and poles, as a legal approval for these uses
had been given under State legislation (T.U.P.A., 1949, Chapter 2), responsibilities
applicable for marine timbers (also transmission poles, including power), or for any other
product, were extended to those approvals under that Act.
Structures ranged from international port facilities with rail lines, heavy lifting and
handling equipment. Ports had been recently upgraded to handle container shipping. For
boat harbours, moorings were inclusive of not only local boats but were also for luxury
“deep water” and “blue water racing” yachts. The responsibilities included mooring jetties
for tourist resorts and of which certain Whitsunday islands are examples.
2.i.ii Electrical Authority responsibilities.
Similar responsibilities applied for transmission poles. These were specific in terms
of the public safety (eg. an accident caused by a faulty pole) and consumer rights due to loss
of power caused by any service pole dislocations. An important legal and industrial need
was for safety of line crews and maintenance staff. This need (and roles of other committees)
was very influential on the procedures recommended by the writer (which were both
approved and adopted by the industry) for inspection and maintenance remedial practices
(Appendix 51).
3. Differences in administratively imposed limitations on dissemination of research
data by these organisations. The S.E.C.Q. Wood Pole Committee (Electricity industry).
3.i. Marine Piling research.
No exclusion, nor confidentiality restriction, was placed on publication, or dissemi-
nation, of details on marine timbers by the then Queensland Department of Harbours and
Marine or Harbour Boards.
A working group which involved two senior engineers of the Harbours and Marine
Department and with two Forestry representatives was established to co-ordinate the
research and supplementary actions, including alternative material as replacement. The
group consisted of F. Wilson (Chief Engineer) and W. Chorley (Senior Engineer) from
Harbours and Marine, with T. Ryley (O/C. Forest Products Branch) and this writer as
Forestry representatives.
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The group organised and co-ordinated sequential programs to investigate the prob-
lems and  prepare recommendations on rectification measures. These were then submitted
to the two organisations for approvals and further actions. Involvement of industry
(Chorley, 1969, 1971) and research organisations such as CSIRO (Cokley, 1969) was made
from the outset. Subsequent to particularly the writer’s data and to joint surveys resulting
in decisions taken by the group supervising the work in terms of further actions, a formal
extensive research program was initiated which involved the Department of Harbours and
Marine, Harbour Boards, two State Forest Services (N.S.W. and Q’ld), CSIRO and
industry. An invitation was extended to Dr. R. Turner (U.S.A.) and to the University of New
South Wales  (Miss J. Marshall) to undertake a detailed taxonomic and distribution survey.
That invitation was accepted and the results are discussed in Chapter 15. Amendments to
the approvals under T.U.P.A. (1949) and to SAA Standards were made.
3.ii. Electrical Authority Restrictions.
Due to serious industrial (Chapter 15, Section.3.1 above) and for legal reasons,
dissemination of data, applicable to pole problems, especially with respect to “leakage”
(Darveniza, 1980), and “Soft Rot” attack, was restricted. State electrical authorities (refer
Wood Pole Committee) limited any publication to certain details only and to restricted
organisations only under special approvals.
As particularly the “Soft Rot” problems had important influences on utilisation and
legal (Chapter 2) aspects, both the then Chairman of the Wood Pole Committee (Mr. R.
Thornton) and the engineer-secretary (Mr. K. Garland), agreed with this writer that
information on the problem should be discussed in detail with other research groups. This
approval was extended to local industry suppliers.  Based on Mr. Thornton's recommenda-
tions, the writer was given (1969) restricted approval to inform the appropriate interstate
Government groups (Cokley, 1969), particularly through the Forest Products Preservation
Committee. That was extended to local industry organisations (Cokley, 1972). Formal
involvement of the  Preservation Committee (through the writer) was then approved. At this
writer’s request and invitation, the chairman (Mr. R. Staples) and secretary (Mr K. Garland)
of the Wood Pole Committee,  attended (but on a confidential basis only) a meeting in
Brisbane of the Preservation Committee (cf. Introduction) and Joint Preservation Commit-
tee. The initial approval (1969) enabled direct consultations on the problems with   industry
and preservative supplier representatives as well as with research organisations. The
situation was partly changed after a position paper (Cokley, 1975) summarised the then
current status and set out recommendations to the Managers’  Conference for approval, with
funding, of a research scholarship to be located at the University of Queensland. Formal
approval for this was moved by Mr.T. Priestly (Manager, Townsville [later Rockhampton]
Board and a member of the State Government Review Committee for comprehensive re-
organisation of the total industry). The scholarship was established on a post-doctoral level
and an appointment made in 1977. Later, bulletins (S.E.C.Q., 1976, 1977, 1978, 1982) were
directly issued by the Wood Pole Committee. In 1980, a National E.S.A.A. Conference /
Seminar (not referenced in this text) was held at Surfers Paradise on pole problems and
power transmission systems, including the (New South Wales) severe deterioration  by
“brown rots” of “de-sapped” poles in durable species. The  legal responsibilities of
authorities were discussed.
In 1975, the writer was granted special approval by the then State Electricity
Commissioner, Mr. D. Murray, and the then Conservator of Forests, Mr. C. Haley, to
publish detailed information on research into pole problems and especially those caused by
“Soft Rots”.
A Wood Pole Committee had been initially established to coordinate supply, specifi-
cations and other matters in the availability of poles, crossarms and similar.
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Chaired by the Senior Engineer (SECQ), it was composed of principally the senior
Distribution Engineers for each of the Electricity Boards. After retirement (circa 1973) of
the original chairman (Mr. R. Thornton), that position was taken by Mr. R. Staples. The
writer as a technical member and the O/C. Forest Products Research Branch were
appointed to that Committee. The writer was charged, in collaboration with Committee and
Board personnell, with investigation into  the soft rot (and other) problems, with identifi-
cation of their geographic distribution and to include an examination of current mainte-
nance and the development of remedial and inspection practices. All data were reported to
the committee for action. The other Committees (eg. Work Procedure and Safety) had an
input on these practices and a “Pole Inspector Training School” (Chapter 15) was
established.
Other organisations, such as P.M.G. and the Queensland Railway Department were
invited on the Pole Committee.
The Committee (State Electricity Commission, 1973, 1973, 1973, 1974) was respon-
sible to the Commission and Boards, generally through the Managers’ Conference. The
writer’s membership ceased in 1979 (concurrently associated with medical problems
resulting in extended hospitalisation).
However in 1980, the writer was requested by the SECQ and the Committee to carry
out “on -site” investigations and arbitrate on causes of industrial problems at Townsville
which involved aspects on use of treated poles. They were resolved.
5. Soft Rot Research Committee.
In approximately 1976, research groups (based initially on the Preservation Commit-
tee) set up a  separate “Soft Rot” Committee to study aspects of soft rot incidences and
causes. Subsequent to appointment as the Electrical Industry sponsored Research Fellow
(U. of Q’ld), Dr. L. Leightley became a member of that Committee.
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Appendix 47
CHEMICAL ANALYTICAL RESULTS FOR CCA TREATED MARINE PILING
AFTER SERVICE IN QUEENSLAND SEA WATER ENVIRONMENTS.
Table 90
Influence of depth of salt water and tidal immersion on
44(g) treated (CCA salts) hardwood piles attacked (1) by
marine borers, Teredine spp., in the Bowen Boat Harbour
(N. Queensland), sampled after 2.6 years marine service.
sample analysis % m/m total components kg/
pos. Cr Cu As salts Cr Cu As m3
(2) (a) (b) (c) % (a)* (b)* (c)*
pos. 1.2m (3)(4)
outer
1.5mm 1.85 0.48 0.45 2.78 66.55 17.27 16.18 28.0
X sec. 1.28 0.69 0.58 2.55 50.20 27.06 22.74 25.76
inner
core 1.22 0.80 0.63 2.65 46.04 30.19 23.77 26.72
pos. 6.0m (3)
outer 1.20 0.89 0.23 2.32 51.72 38.36 9.92 23.36
X sec. 1.02 0.58 0.55 2.15 47.44 26.98 25.58 21.6
inner
core 0.70 0.17 0.36 1.23 56.91 13.82 29.27 12.32
pos 7.8m (3)
outer 1.56 0.96 0.20 2.72 57.35 35.29 7.36 27.36
X sec. 1.18 0.42 0.43 2.03 58.13 20.69 21.18 20.48
inner
core 1.10 0.35 0.20 1.65 66.67 21.21 12.12 16.64
pos 8.4m (3)
outer 1.23 1.00 0.41 2.64 46.59 37.88 15.53 26.56
X sec. 1.13 0.42 0.48 2.03 55.67 20.69 23.64 20.48
inner
core 1.11 0.25 0.03 1.39 79.86 17.97 1.14 14.08
pos 9.0m (“mudline”) (3)
outer 1.36 0.77 0.09 2.22 61.26 34.68 4.06 22.40
X sec. 1.29 0.86 0.38 2.53 50.99 33.99 15.02 25.44
inner
core 0.42 0.09 0.03 0.54 77.78 16.67 5.55 5.44
nominal component percentage 39.0 22-23 37-38
notes; (1) severe attack - piles replaced.(2) pos = position sampled in sapwood depth.outer = sampled to
1.5mm depth.X sec.= cross section of sapwood.core = inner section of sapwood. (3) distance in metres
from “head towards the “toe”(section below mudline)(4) above maximum tidal range but subject to rain
leaching. Diagonal (four points) of cross section analysed for copper salt variation above tidal/sea level.
Results (o.d. m/m.) were;0.69% — 0.73%0.73% — 0.77%* component percentage of total salts. (a) Cr =
total chromium as potassium dichromate(anhydrous) [all components reported as % o.d. m/m]. (b) Cu =
total copper as cupric sulphate anhydrous. (c) As = total arsenic- arsenic pentoxide anhydrous.(g)
results are means based on separate analyses.All piles were sampled and analysed.
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Table 91
of inner “core” to outer 1.5mm (sapwood sections).
chemical pile position m. (b)
compound 1.2 6.0 7.8 8.4 9.0
copper sulphate 1.66 0.19 0.36 0.25 0.12
CuS04 0.09 *
arsenic pentoxide 1.40 1.57 1.00 0.07 0.33
As2O5 0.03 *
potassium dichromate 0.66 0.58 0.71 0.90 0.31
K2Cr2O7 (a) 0.42 *
retention kg/m3 0.95 0.53 0.61 0.53 0.24
(total salts) 5.44 *
notes;
(a) total chromium recorded as potassium dichromate. (b) refer Table 90. depth of sample in pile
towards the embedded “toe”; 9m is “mudline”.* component (or total salt) retention of inner “core”.
(n) subsequent research and service surveys showed no significant differences for this formulation
compared to proprietary formulations including other suppliers.(g) results based on mean data; all piles
analysed.
Table 92
Salt retention and component variations of eight treated
(CCA salts) hardwood piles after 6 years marine service
at Mud Island - Moreton Bay (S.E. Queensland).
species. analysis  % m/m.            total % components          kg/
ref. pos. Cr Cu As salt Cr Cu As m3
(a) (b) (c) (d) (e) (f)
I‘bark in 1.52 0.11 0.64 2.27 66.96 4.85 28.19 25.12
1834 out 1.89 1.18 0.76 3.83 49.35 30.81 19.84 42.24
1835 Xsec.1.64 0.74 0.63 3.06 53.59 24.18 22.23 33.76
1836
1838
Sp. in 0.44 0.05 0.37 0.86 51.16 5.81 43.03 8.64
Gum out 2.01 1.09 0.51 3.61 55.68 30.19 14.13 36.32
1839 Xse   1.13 0.61 0.41 2.15 52.56 28.37 19.07 21.6
1840
1841
1842
nominal formulation (g) 40.0 32.0 22-23
notes;
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(a) species and laboratory ref. nos. - 4 piles. I’bark - ironbark, prob. E. paniculata.Sp. gum - spotted
gum, E. maculata.Piles showed marine borer attack. Analyses show mean value for all piles at relative
positions.
(b) position;  in  = inner core of sapwood.out = outer 1.5mm of sapwood.Xsec. = Total thickness of
sapwood.All piles sampled below tidal zone.(c) Cr = potassium dichromate anhydrous.(d) Cu = cupric
sulphate anhydrous.  (e) As = Arsenic pentoxide anhydrous  (f) total anhydrous salt as % mass/mass.
(g) Nominal formulation shown.
Table 93
Distribution (1) and retention in a E. maculata pile,
treated by CCA salts, severely attacked by Nausitoria
spp. after 6 years of service at Darra (upper Brisbane
River [saline, tidal, zone]).
dist. pos. preservative distribution (n)
from in / component ratio
head pile T.S. Cr Cu As
(m) (2) (a) (b) (c) (d)
2.4 outer 41.76 52.66 25.85 21.49
X sec. 30.56 50.5 26.73 22.27
core 27.52 47.25 24.54 28.21
4.0 outer 43.20 41.82 35.75 22.43
X sec. 31.20 50.32 26.13 23.55
core 21.28 43.13 26.07 30.80
5.5 outer 50.24 47.49 35.87 16.64
X sec. 32.80 54.91 21.17 23.93
core 26.55 58.33 14.39 27.28
7.00 outer 51.20 45.08 38.19 16.73
X sec. 30.40 51.66 23.18 25.16
core 19.52 61.86 19.59 18.55
8.5 outer 50.88 44.84 38.49 16.67
X sec. 32.32 54.38 23.12 22.50
core 21.44 49.30 16.90 22.50
10.0 outer 42.56 44.79 37.44 17.77
X sec. 30.88 52.12 25.41 22.47
core 20.00 45.96 15.66 38.38
11.5 outer 46.40 46.09 39.13 14.78
X sec. 29.12 52.25 24.91 22.84
core 17.60 56.57 18.29 25.14
13. outer 43.68 42.49 43.65 13.96
X sec. 28.80 51.05 26.22 22.73
core 17.92 58.99 26.22 22.73
mean outer 46.24 45.66 36.80 17.5
(3) X sec. 30.76 52.15 24.61 23.74
core 21.48 52.67 20.21 26.70
mean outer 46.88 44.66 38.36 16.98
B.T.R.  X sec. 30.79 52.38 24.31 23.31
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(3) core 20.62 53.45 19.59 26.48
nominal salt balance (e) 40.0 32.0 22-23
notes;
(1)  Distances (m) from head of pile.Sampling (above line) at 2.44m, out of tidal range.All other positions
subject to tide and immersion.(n) mean of four sapwood zones on two diameters at right angles.(2)
Position of sapwood sampled;outer = outer 1.5 mm.X sec.= total sapwood thickness.
core = inner zone of sapwood.(3)  Mean data all positions/ samples. B.T.R. = mean of all positions/
samples below tidal range.
(a) T.S. = Total Salts kg/ m3.
(b) Cr = total chromium as potassium dichromate anhydrous.
(c) Cu = total copper as cupric sulphate anhydrous.
(d) As = total arsenic as arsenic pentoxide anhydrous.
(e)  Nominal formulation shown.
Appendix 48
REPRESENTATIVE EVIDENCE ON OCCURRENCE AND UTILISATION OF
CALCIUM AND MAGNESIUM IONS IN NUTRITIONAL AND METABOLIC
DEVELOPMENT OF TEREDINE MARINE BORERS AND THEIR ABSENCE
IN SKELATAL ORGANS OF THE LARVAL FORM OF THESE ANIMALS.
Author’s note; in explanation of his interest in these two elements (as ions), due to
involvement with nutrient studies (initial emphasis on phosphates) by Silvicultural Branch
for which the laboratory carried out  analyses, it extended to their presence and roles in
especially woody species and their growth. This interest led to a study of relationships of
phosphate to sapstains or Lyctus
enzymic reactions (Chapter 5). Their presence in timber and their possible reactivity with
preservatives (eg. boron salts) and their solution from wood as functions of temperatures
in thermal processes led to studies described (Chapter 8)  for the two elements.
With specific reference to marine borers (molluscs), from interest in recreational
activities, the writer was aware that shellfish (eg. one known as “pipi” or “eugari”) used as
bait for fishing, required fresh sea water
in a saline solution. In addition, the washed mollusc shells provided a source of “lime” of
high purity (popular for inclusion in bird and poultry feed). There was only one possible
explanation of the evidence, namely that sodium chloride was not the critical factor and an
external source of the calcium must be from sea water. In later years, both ions became
associated in his studies.
Evidence (Table 23, Chapter 8), when compared to untreated matching controls,
showed  for these two elements, 57% and 88% respectively of total “water soluble”
concentrations in wood were extractible and, for “total” concentration in the wood, 6% and
51% of calcium and magnesium respectively could be removed by a hot and cold treatment
using borax solution. The results led to the view that, particularly for  magnesium,
accessibility by a leach liquid is high. The significance in a context of their possible
involvement in both a biological and a protective role for marine borers rests in that apparent
ready accessibility and leachability.
1. Reasons for research on alternatives (Cokley, 1975) to salinity as the critical factor
1.i. The writer (Chapter 15) had found apparent anomalies in the classical theory that
water salinity (expressed as sodium chloride and based on analysis of water for total
chloride) was the significant controlling feature in the biology or distribution of marine
borers. To confirm his hypotheses, it was  first desirable to evaluate published evidence. If
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adequate data was available to support the writer’s theories, further research would be
justified.
Interest in this area arose when (circa 1953) samples of water representing sea,
estuarine and upper stream tidal sites were analysed for (Watson, 1957) studies on  marine
borer distribution. Analysis of some pertinant reference information surveyed (as princi-
pally summarised by Ray, 1959), and the conclusions drawn, are described here.
1.ii. With few exceptions, all of these marine animals require a minimum “saline”
environment for development.
1.iii. For the marine borers under discussion, they also require a wood source for
nutrient. Free swimming larvae attach themselves and, by boring, penetrate into the host.
In so doing they develop and digest elements of the wood (shown to be the cellulosic
fractions) by enzymatic breakdown. Some evidence (Ray, 1959) is given of internal
bacterial association in its digestion of the cellulosic fractions.
1.iv.  Free swimming larvae are initially not equipped with the skeletal (Lane, 1959)
mineralised organs which are present in the adults. They include  teeth, valves or pallets.
Larvae have (Lane, 1959) a chitinous protection.
1.v. Thus, both a source of, and mechanism for, metabolic utilisation of one, or both,
of the inorganic elemental constituents for these skeletal organs are required. The writer
considered (Chapter 15) calcium and magnesium may be the significant elements involved.
It was important to test (Section 4) if adequate quantities of both  elements for the postulated
developmental needs would be available from host timbers bored (and/or digested) by
individual animals.
If not, support is given to the conclusions that both the   calcium and magnesium ions
are taken from sea water.
2. Illustrative evidence of need for, and utilisation of, magnesium and calcium.
2.i. In addition to formation of the typical “tube”, or “cone” (Section 5), a character-
istic, definitive, feature of molluscs is the presence in some species, including the genus
Teredo, of a mineralised (including calcium and magnesium) skeletal section, but miner-
alisation (Section 1.iv) did  not  include the larvae which were chitinised.
Iredale (Watson et al., 1936) had suggested the “tubes” are used as protection against
exposure (cf. Section 5).
2.i.  One major cause for the author’s studies rested in the significant discrepancies for
the high concentrations of both elements (especially  calcium) required when they are
compared to normal concentrations present in the wood mass (and volume) digested. Of
importance, some authors, as cited in Ray (1959), differentiate the development of these
skeletal parts between larvae and adults. They also emphasise, though the mineralised
organs  are not present in the larval forms (which burrow into timber), there is very rapid
development of these parts. However, they did not examine the possible source,  for what
they recognise as “calcarous” parts, of the necessary elements during a larval development
into adult animals for these molluscs.
3. Representative evidence of utilisation of calcium and of magnesium in Teredinidae
and other molluscs.
In support of his hypothesis, the writer presents only a selected and representative
(Chapter 15) range of data from the reference sources. They include;
(a) Chave (1954, 1954) discussed, with detailed tables and graphs, the distribution of,
particularly, magnesium in marine skeletons. He emphasised separate relationships of
complexity of the organism and the influence of water temperatures on amount on
cxxvii
magnesium present.
(b) Lowenstam (1954) correlated the aragonite-calcite ratio in skeletal carbonates.
Using  detailed tabulated correlations, he examined relationships of taxonomy and
distribution. He emphasises the influence of temperature.
(c) Bricker and Garrels (1967) reviewed the calcium carbonate-water-carbon dioxide
system, and corresponding magnesium compounds, in natural waters. They discuss the
significance of the polymorphs, calcite and aragonite as well as the influence of trace
elements such as strontium and of the inter-relationship of magnesium with calcite.
Magnesite is important.
3.i. This evidence on mineralised skeletons supported the hypothesis that calcium and
magnesium are significant in nutrition and metabolism by Teredo spp. If so, these  two
elements could have separate (as well as joint) roles in the nutrition and development of both
larvae and adults. If so, and in a utilisable form, they must be available from either the host
timber or from an external source and, importantly, this source must be  readily accessible
to and utilisable by both larva and adult.
In most cases, marine borers and associated bacteria, utilised cellulases (and possible
bacterial breakdown) as a primary means of utilisation of the wood cellulose in a host
timber. Cellulytic enzymes (and possibly bacteria) are present in larvae as well as in the
adult.
4. Possible availability of calcium and magnesium from the host timbers.
A possibility existed that amounts of the elements may be available from timbers in
sufficient concentrations for utilisation by the marine borers.
4.i.  To clarify this possible source, the writer used similar calculations as for
evaluation (Chapter 9) of the starch (concentration) accessibility of ingested wood by
Lyctus spp., in which, using measured mean volume (and mass) of borings in larval tunnels
in infected timber, he calculated a possible starch concentration available for nutrition for
the larva.
For this research, the author determined concentrations of calcium and magnesium in
the maximum total of volume (and mass) present in a single  boring  of wood digested, or
removed, by the animal. This represented the maximum possible mass of each element
which could be available from wood.
Though reported (and tested) lengths and diameters of the borings varied greatly, the
writer found a maximum boring size of 1m x 6mm diameter would be reasonable for use
in calculation.
4.i.i. Using a mean value for 31 species (Swain, 1928), there are 1300 micrograms of
elemental calcium/gm of wood and 416 micrograms of magnesium/gm of wood. This order
of their concentrations [with variations between species and source (compare Table 23,
Chapter 8)] had been confirmed by long term analyses by the author of wood specimens.
On this basis and assuming (Appendix 27, Chapter 12) a mean o.d. wood density  of 700
kg/m3 (0.700 mg/mm3), a maximum of 25gm of the wood is removed in this boring and, for
that mass, an  equivalent maximum concentration less than 30mg for calcium and 10mg  for
the magnesium. If, for the hypothesis, it is assumed total elemental content in wood is
utilised (rather than only the  soluble components), including all tissue, i.e. not only the
cellulose, there are  definite  discrepancies in quantities available from the timber source
and total elemental (mineral) needs for skeletal and “tube” requirements (of the order of
grams).
5. Formation of “tubes” by these animals.
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A characteristic of molluscs is in formation of “tubes” or “cones”, variously described
by a number of workers as being “calcarous”. For reasons as above, the quantity of calcium
for  the formation of a “tube” or “cone” must be additional to that used for both the  larval
and adult development and must also be obtained from a source external to the timber host
(confirmed in Section 4).
Iredale’s theory (Watson et al. 1936) that the “tube” has a protective role, rather than
being directly involved in metabolism, is supported by this writer’s hypothesis.
5.i. Moreover, evaluation (including chemical analyses of multiple specimens) of  the
calcarous “tube” and which is additional to skeletal needs led to a confirmation there were
discrepancies in assumptions that only a host timber was the only source of these elements.
Those assumptions, based on the elemental masses of the calcarous content of “tubes”
compared to those available from a host timber, do not account for the quantity requirements
for these elements (cf. Section 6 for suggested source).
5.ii. These included:
(a) analyses made by the writer confirmed that the tube is (>99%) predominantly  a
calcium compound, particularly calcium carbonate. Importantly, no magnesium was
detected in “tubes” analysed. Based on examinations by optical microscopy, the teredine
tubes may be described as being principally amorphous.
(b) Especially where multiple infestations have occurred, when total mass of calcium
required for these purposes is calculated and based on the maximum boring dimensions,
using a mean (measured on local tubes) wall thickness of 2mm for tubes, there is a
discrepancy  of at least two to three orders for that mass compared to quantities which  are
available from the digested wood (cf. Section 6).
Author’s note; a “tube” from Papua New Guinea, measured by the author, was larger
(1m length, 2-3cm diameter and up to [but variable] 5mm wall thickness) than the average
for local species. “Tubes” from borer attack in that country had been anecdotally reported
to 2m length, 5cm diameter and 10mm in wall thickness.
6. Utilisation of sea water by marine borers and possible adequate availability  of both
calcium and magnesium from this source to those animals.
Lane (1959) cites a water respiratory rate through the mantle cavity of 4.1 litres/hour
per gm of dry weight of animal. Through the  water intake by an incurrent siphon, that
volume rate of sea water does (cf. Chapter 15 re elemental concentrations) enable an
adequate supply of both elements to the animal during its life cycle. Lane (1959)  suggests,
with supporting evidence,  accumulation of carbon dioxide in water intake is the significant
factor rather than an oxygen deficiency. Excess carbon dioxide would cause a decrease in
the available soluble calcium (Ca++) and magnesium (Mg++), ions. The writer considers
protection against this accumulation of carbon dioxide could be the purpose of the
calcareous tubes and in which the excess is disposed of as a calcium salt.
This suggests the “tube” may be a joint by-product of metabolism, as well as having
a protective role for the animal.
7. Suggested roles of magnesium and calcium in biological utilisation by marine
borers, including larvae.
The evidence strongly indicates that both elements are utilised. However, the “tubes”
are (> 99%) calcarous and tests did not show magnesium present in those tubes. Both
elements are present in skeletal parts of the animals. This suggests that there is a role of both
elements in developmental metabolism, but the primary role of the calcium is one of giving
protection against excess carbon dioxide by formation of the calcarous “tubes”.
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The writer further suggests as the relativity  of calcium and magnesium (Graphs 80a,
80b, Chapter 15)) to salinity (as sodium chloride) is highly significant and, as their ratio is
also correlated with salinities from sea, estuarine and tidal sources, there is an equivalent
agreement with marine borer distribution as shown by Watson (1957).
Appendix 49
EXAMINATION OF POSSIBLE REASONS FOR THE INEFFECTIVENESS OF
CCA SALTS IN THE PROTECTION OF TREATED HARDWOODS WHEN
EXPOSED TO ATTACK BY MARINE BORERS IN QUEENSLAND WATERS.
1. In an attempt to clarify these failures of CCA treated hardwoods against marine
borers under Queensland service conditions,  the writer analyses possible reasons for the
demonstrated differences, including the loss of CCA from treated piling timbers, which
varied with exposure sites. Possible roles of soft rot microflora and of bacteria are  discussed
in terms of possible analogies or differences to terrestrial causes (soft rots) of pole degrade.
By the consideration of these, the writer ascribes tentative explanations for ineffectiveness
of CCAs and  variability of attack dependent on site. Evidence (Chapter 15) showed some
similarities in relation to terrestrial occurrences of soft rot attack  on particularly (but also
including creosote) CCA treated hardwood transmission poles. They included;
a. A significant relationship of severity of attack was found to the pole site and this was
noted for piles. When the Bowen and Mooloobala piles were  compared to the Mud Island
and Darra sites, effects of site differences for marine borer attacks were additional to factors
such as salinity.
b. A relation to sites of salt penetration in hardwoods (Chapter 12) which were
significantly different to sites in softwoods.
c. An apparent ineffectiveness in protection of sapwoods treated by preservatives
when attacked by soft rots and bacteria. These conclusions are supported by results as
described by Duncan (1960) who tested a large number of  organisms (about 100), mainly
of Fungi imperfecti spp., against a range of chemicals.
2. However, the writer is reluctant to subscribe to the view that, other than for general
similarities, the same relationships exist for service attack under marine, as for terrestrial,
exposures. General analogies include the possible distribution of  similar species of
These mechanisms may apply to the surface softening found  and to digestion of
cellulosic fractions of the timber.
2.i. Important difference were in terms of  microclimates present for land attack, but
principal ones were in the “wood zones” attacked in each of  the two environments. This
is especially considered with respect to “soft rot”, with bacterial organisms, and that for
marine borers. For the latter, this writer considers there is present what may be described
as a “symbiotic association” of the microflora and bacteria with particularly the larval, but
including the adult, stages in attack by marine animals. The differences were;
a. For terrestrial attack, climatic (microclimatic) sites and soil moisture content ranges
for poles,  were wide. They ranged (Chapter 15) from wet urban, fertile, to dry uncultivated,
sites.
b. For terrestrial  attack, when soft rot attacked timber poles, there was no general (only
isolated cases) pattern of association with higher fungi, such as Basidiomycetes.
b.i. in contrast, for marine borer attack, there were associations which the writer has
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described as possibly “symbiotic”, in that larval attachment is facilitated by surface
softening of the timber (Ray, 1959) and causes of the cellulosic breakdown included not
only enzymic, but bacterial, mechanisms. The action of soft rots was also by breakdown of
the cellulose (Chapter 15) in timber.
b.i.i. For both terestrial and marine environments, the writer considered it possible that
the “soft rots” and bacteria do  include a number of species at any single site and thus any
attack is not by a single organism. It is in this facet the author believes highly significant
influences of marine site (Chapter 15) are factors. This was shown in comparisons between
the Bowen (“mangrove mud”) and the Mooloolaba (“mud”) sites with the Mud Island and
the Darra sites. Comparisons of the residual CCA salt at “mudline” (Graphs 76 to 79 and
sub-graphs) suggest this effect. The writer is of the opinion that, as these were at respective
depths of 9m at Bowen and  13m at Darra, a strong possibility exists there would be minimal
light and aeration present, such that anaerobic organisms were most probably significant
factors.
This implies a possible cause of ineffective CCA control and site (as well as aquatic
environment) differences may relate to a bacterial, and/or “soft rot” fungal, attack, rather
than as a direct effect from marine borers, and is a reason for the suggested “symbiotic
association”. This view was supported by evidence in b.ii.i-b.ii.iii below and the nature and
severity (Plate 8b) of timber degrade below a “mudline” at Bowen.
b.ii.i. The most important differences rested in zones of timber attacked. Under marine
conditions, zones  included not only treated (with emphasis due to local experience)
sapwood zones but progressed into untreated, frequently hard and durable (in terms of the
normal terrestrial hazards) heartwoods of species and with a continued high rate of
degradation in that zone. This effect is shown in Plates 9a, 9b, and was one reason for the
suggestion of bacteria being primary agents.
b.ii.ii. For terrestrial soft rot attack, the severity and rate of attack differed drastically
between treated sapwood and untreated heartwoods of timbers (often the same species)
used in ground contact. In many research studies and his extensive field surveys, the writer
found soft rot attack in the heartwood was minimal in both frequency and severity. It is
further examined in Section b.ii.iii. If the terrestrial microflora, and mechanisms of
breakdown, were identical to the marine conditions, a difference in attack between
heartwood and sapwood should not occur. The other alternative conclusion was that, for its
(almost total) “resistance” against terrestrial “soft rot microflora”, heartwood cellulose may
be “protected”. This protection could include wood structural components, or eg. by such
as the available polyphenolic extractives. Soluble  minerals and carbohydrates, present only
in the sapwood zone, may have roles.
b.ii.iii. As restriction of attack to treated sapwoods did not apply to the marine
conditions, the alternative could be differences in microflora present and these may be
responsible  for the initial surface softening which enables larvae to attach to, and to burrow
into, the host timber. If so, subsequent penetration and digestion of the timber, often to
destruction, depended jointly on a mechanical/chemical digestion by the nutritional system
and boring parts of the animal as well as by bacteria.
This alternative is in agreement with known data on these animals (Ray, 1959, Watson
et al., 1936) and the writer considers it to be valid and logical.
3. Effects of depth of immersion on severity of attack by marine borers.
The above  discussion and conclusions were influenced by  variation in severity of
marine borer attack (illustrated in Plates 9a, 9b) in which the degradation increases with
depth, inclusive of below “mudline”, and was typical for all the piles. This effect of depth
on degree of attack was reported by others (Watson et al., 1936, Ray, 1959). Though for
piles principally under discussion, viz. Bowen site, there were ranges in the timber and
animal species involved, the phenomenon had been noted at other sites and had been
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assumed to be a function of the tidal rise or fall above a datum point, taken here as low tide
mark. For Bowen, typical tidal ranges are 2.5m to 4m to datum point and with about 4m of
water below low tide.
4.  Comparative service experience for CCA treated softwoods in New Zealand trials.
There were comparable service (McQuire, 1971) exposures of CCA treated softwoods,
where P. radiata specimens, treated at varying levels in sawn and round products, were
exposed at a range of sites in New Zealand (and in Fiji) aquatic environments (Chapter 15).
In general, for  higher levels of CCA retentions, while some degrade was found, service
performances were reasonable and the main differences, other than one site at Suva, Fiji,
Unpublished data (a confidential report, Hicksons N.Z., circa 1963) discussed results
in sawn P. radiata, with CCA retentions from 8.0 kg/m3 to 32 kg/m3. Attack was severe for
controls and lower preservative retentions. Some infestation was present up to 16 kg/m3 (the
then accepted level of treatment for marine hazards), but was a function of the site, with the
most severe occurring at Fiji. It is suggested this New Zealand evidence supports the
writer’s theories on the importance of deposition sites for preservative distribution in
softwood timbers compared to hardwoods, as well as on effects of the aquatic climate,
mainly temperature.
Appendix 50
SOME SIGNIFICANT FACTORS IN THE INCIDENCE OF SOFT ROT AND
ITS SEVERITY OF ATTACK IN TREATED POLES IN QUEENSLAND.
The important relevant factors are summarised below.
1. For assessment studies on efficacy of preservatives as means of ensuring long-term
effective control against the “in-ground” decay in timber products, initial emphasis  had
Basidiomycetes, against
which creosote and CCA preservatives gave adequate protection at retentions of (for CCA)
16 kg./m3 and the minimum requirements were set (AS 0117-1970) at that level. That
emphasis only on the higher fungi extended to their mode of attack, was often based on data
obtained on softwoods and, at first, there was inadequate research on the effects of
preservatives in hardwoods and their sites of distribution as compared to softwoods in
protecting against these organisms.
2. Demographic factors.
a. Demography (Chapters 2, 15) played a significant role in the distribution of soft rot
attack on poles in terms of geographical sites and actions taken by the writer in control
research on the problem, its quantification and including the acceptable (Chapter 15,
Appendices 46, 51)  remedial actions.  Demography had strongly influenced the geographi-
cal distribution and numbers of treated poles in service. Sociological factors (Chapter 1)
were important in  post-war re-establishment of industry and population. This change
applied particularly in urban situations, resulting in new suburbs, housing and requirements
for services such as communications and power. In country regions, similar changes were
occurring illustrated by an increase in agricultural developments, closer settlement and, by
reduction in pastoral sizes, marked increases in power (and telephone) demands. In many
instances, remote rural communities transferred to reticulated power.
b. Due especially to housing needs, principally along the eastern seaboard, the result
was concentration of treated poles in these new (particularly suburban) areas and with the
high durability “dressed” poles in the older ones.
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Treated poles entered “older” areas only as “replacement” or “upgrading” poles (eg.
high voltage, or road works) were required. The significance, in terms of this “soft rot”
problem, rested in that, for most new suburbs, occupants built up “green” lawns and
cultivated gardens, which required at least 3-4 years to develop. Till then, the pole site was
generally bare, ground “fertility” was corresponding low in nutrients and soil  moisture,
with a low hazard from decay organisms.
In terms of later research on soft rot and inclusive of surveys, the influences (Chapter
15) of what the writer terms “Site Indices” became very important and explained a great deal
of variability in incidence and severity of attack which was found in service. In many
instances, the new developments were in “flood plains”, in areas termed by the writer as “ti
tree scrub”, with, in coastal areas, large depletions of mangrove lands.
The cities of Cairns, Townsville, Toowoomba (effectively “garrison and logistic
towns” for the war period), Logan and Ipswich, illustrate both population and industry
explosions resulting in local concentrations of treated poles. The conditions earlier
described included those cities. To these were added needs for road development, which
latter was frequently by large earth works and in turn resulted in diversions of natural water
courses and drainage. Major floods (eg. 1974) showed results of these diversions on water
flow.
3. Pole quality for treatment.
Dependent on source, there were  significant differences in pole qualities, particularly
for smaller, low voltage, distribution systems. Specifically the majority of poles from
Central Queensland, comprising (Chapter 3) the Dry Inclusions (eg. Rockhampton) and the
Inland Plains, were slow grown, durable species with generally small radial depths of
sapwood. Cell walls were normal to thick and wood density (Appendix  27, Chapter 12)
normal to above- average. In other supply areas, particularly South East Queensland and the
Northern Rivers (coastal) areas of New South Wales, many poles were from private
properties and (compare Graph 6, Chapter 8, especially for spotted gum) were “fast grown”
regeneration, with corresponding thin-walled cells, the wood was softer with lower
densities.
These latter had deep sapwoods (Chapter 8) and in many cases exceeded the normal
approximate 12mm depth as used for design purposes by authorities [based on data by Boyd
(1962) and De Campo, not referenced). For these,  sapwood depths were very dependent
on source, especially spotted gum which, though variable, demonstrated 25mm as the peak
sapwood distribution depth.
4. Nominal durability ratings for pole species.
The general topics of durability, service life and the geoclimatic influences have been
examined in Chapter 3.
For poles (S.E.C.Q., 1974), only species having a nominal durabliity of Class 1 (AS
1604-1980, Appendix D) had been approved but did include a restricted range, eg. spotted
gum, with a Class 2 durability. Australian Pole Standard (AS 0117-1970) was not restrictive
on species marketed, subject to adequate sapwood preservation. All of these ratings were
derived on assessment (Cummins and Dadswell, 1935 and Watson, 1964) of service lives
or on gradings by extrapolation (Chapter 3) using data on similar species.
For Class 2 durability species, heartwood ratings were qualified (AS 1604 - 1980,
appen. D) “to have a life of 15 to 25 years”, with “climatic conditions  approximating the
average of Australian capital cities”. Some overseas authorities (Hunt and Garrat, 1938)
used “60% of failure of population in service” as a criterion in estimation of economic
service.
Though the species range was restricted, the availability and “good form, deep
sapwood” present in particularly the “re-growth” stems in Class 2, in especially spotted
gum, meant the number of poles in that Class (and species) was high in coastal densely
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populated areas. As many Class 2 poles (with sapwood treated) had been in service for 10-
12 years, possible penetration (and rate) of decay to the untreated heartwood and the broad
range in years cited for durability class 2, were causing concern to the Electrical authorities
and line crews. Because of these durability restrictions, when a special (S.E.C) committee
(Garland, 1975) was established to review economics of alternative pole materials, the
writer was officially restricted to nomination of a “probable service life” of 25 years to be
used for calculations.
It is appropriate (cf. Chapter 3) to point out, using the nominal Class 2 durability data
for service life, a large number of poles would be failing but, though the treated sapwood
had been degraded (often completely) by soft rot, this situation has not occurred in the
industry.
5. Species identification.
A weakness in the system, including species code markings placed on a pole
identification disc, was the accuracy of the initial identification, either by a pole supplier
to a treatment plant, by the plant or by the inspector on behalf of the Authority. Comparisons
between pole disc identification with the formal species  identification by staff of Wood
Structure Section did not show significant discrepancies. If the species supplied had  a
durability rating below Class 2, heartwood service life is suspect. Leightley (1986) makes
reference to tests on 30 rose gum, E. grandis, poles using the Shigometer. That species has
a durability rating of Class 4 and should not have been accepted under SECQ (1974) pole
standards.
Appendix 51
SUMMARY OF INITIAL STANDARD POLE INSPECTION PROCEDURE AND
MAINTENANCE PRACTICES USED BY THE QUEENSLAND ELECTRICAL
INDUSTRY. SIGNIFICANCE OF HAZARDOUS INSPECTION CONDITIONS
ON LINE CREW REQUIREMENTS FOR POLE SAFETY. OTHER STUDIES.
Pole inspections, and maintenance, were standardised on a series of procedures which
were established on industrial agreements made with unions involved in the electrical
industry. They were based on;
i. safety of line crews and the public.
ii. appraisal of the ability of a service pole to perform its role in distribution of a
reticulated power supply system. Appraisal was not only in terms of estimated years of
service and/or urgency of replacement, but also directly associated with safety and
economic factors.
iii. minimise the capital (and supply interruption) cost of new pole replacements.
Author’s note; over the years, the system of inspection had changed only slightly and
this was demonstrated by a Pole Inspection School in which the writer and  associate
(W.J.Smith - Wood Structure) had participated in (circa) 1957 for the then SEA (now
SEQEB)  Board. That school was held due to a very public, and unexpected, failure of a
durable, “dressed” pole on a main traffic thoroughfare in Brisbane, caused by  “brittle
fracture” originating from internal decay.
As  described (Chapter 15, Appendix 46), treated poles had been publicised as not
requiring maintenance for an extended period in service. Having been first found by
accidental inspections, when soft rot attack on treated sapwood was confirmed, the
confidence of some line crews, with emphasis on safety, in the treated poles became very
marginal. To that were added problems which are described in Chapter 15.
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Additional  to capital expenditures and   maintenance  of  services, perspectives of the
safety of line crews under operational conditions are important in any discussions of
significance on pole inspections during those eras.
1. Variability of inspection conditions and hazards.
   A brief explanation of hazards involved is desirable to put into perspective industrial
aspects (discussed below)  at the time at which the soft rot problem emerged. Prior  to
introduction of facilities such  as  mobile platforms, termed “cherry pickers”, access was
by extension ladder. Line crews  frequently operated under severe hazards and were
required to climb poles under conditions such as in storms, cyclonic weather, fire, or floods.
That type of hazard was illustrated by several major cyclones, such as “Althea” in
Townsville (1971), “Ada” at Proserpine (1972) and “Tracey” (which devastated Darwin)
in 1974. The severity of “Althea” led directly to  establishment of a cyclone research centre
at James Cook University and the re-appraisal of cyclone-proof requirements  in Australian
Standards codes. Frequently “live” wiring was fallen (and was common in accidents) and
was a hazard to the public.
When a pole was damaged or condemned, bracing supports were often required to
enable change of services by line crews.  A safety harness and wooden platforms (1m
square)  were necessary, with the platforms (brought up from the ground vehicle)
temporarily secured by a chain around the pole top. Multiple services were common,
ranging from low voltages (240 - 415v) to values of 66Kv, or higher. For higher poles (20-
23m), climbing supports were permanently installed towards the top. If the operation did
require continuity of service (for especially the higher  voltage supplies), a “live line” crew
was necessary and services were not disconnected by the “breaker switches” mounted on
selected poles and which controlled line circuits over a limited distance or number of poles.
Support line crews were necessary. All crews trained in resuscitation and in patient recovery
2. Consequently, when soft rot attack was found in the treated sapwood, line crews and
authorities required firm assurances the problems could be assessed, with adequate industry
inspection systems to be set in place to detect its incidence and with effective maintenance
procedures to control what was an “unidentified fungus” attacking in and frequently
destroying, what they had been assured was the main (and preservative treated) strength
section of a pole.
The writer’s field surveys, his personal discussions with and close involvement of field
and authority personnel, did assist in assurances being given by the electrical authorities and
culminated in a training school, at which (Chapter 15) it was practicable to adapt and to
suitably modify the then general procedures for the new hazards.
Pole operational procedures, which included inspections and the proposed training
school, were nominally under the aegis of a long-standing “Work Procedure and Safety
Committee” set up by the authorities. The writer was not a member but, as most of its
members were jointly members of the “Pole Committee”, an adequate and effective liasion
was maintained.
An organising group (Garland, 1973), established under a SEQEB senior engineer,
was responsible for the inspector training school and operated under that Committee. The
writer and other Forestry personnel (eg. Dr. L. Bolland [pathologist], laboratory and wood
structure staff) were involved.
3. General initial inspection practices were;
3.i. the pole would be visually examined and “sounded” by an inspector.
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3.ii. An excavation was made around the butt to a depth of 450 mm, then assessments
of “sound or degraded wood” and its strength, were made by mechanical probing (a 12mm
chisel was effective). A detailed visual “above-ground” examination was made which was
frequently supplemented by  assessment of the pole top and fittings (cross-arms) by a
linesman. Concrete collars (Chapter 15) were removed as applicable. Borings of poles were
taken as required and tested. This was done with a small upward inclination to prevent
subsequent water lodgement. When borings were made, a “durable” plug was inserted.
Records of inspections were maintained.
4. Maintenance practices.
4.i. Where deterioration (eg. decay) was found, that was removed and remedial action
taken.
Where the pole was not treated by “oxy-char” the decayed wood was first removed by
“dressing” by means of a chisel and sharp axe (or a tomahawk). There was a significant
difference between the above  technique and “chopping” away the decay. In “dressing”, the
pole decay was removed so that the residual sections did not have fragmented (chipped)
wood surfaces. The cut pole section was then shaped to a curved profile so moisture could
not lodge or be trapped. Plate 15 shows the shaped profile to above an approximate ground
line. K55 creosote (the then preferred prophylactic treatment) was applied to “dressed”
surfaces and “puddled” with soil in “backfilling” of excavations. The “freshness” of
creosote on a pole was a visual indication to linesmen and engineers of approximate time
spans since inspection.
4.ii.  For the “dressed” poles, oxy-char techniques were used by some Boards
(particularly BCC, Brisbane) and were very satisfactory for such as “pocket rots”. For this
technique, the decay zones were removed (giving a very characteristic “flare”) at the high
temperatures of the oxy-torch which resulted in about 200o at a 10mm depth. Care was
necessary to prevent deep checks in the pole.
4.ii.i. The “oxy-char” method reduced the outer 5mm of sound  wood to a carbonifer-
ous layer, within which very high concentrations of an oil preservative were obtained during
its subsequent application. Use of this practice enabled wood moisture content to be reduced
and did enable a suitable curved profile to be given to the pole section. After maintenance,
and before “backfilling”, the operator “heat-sterilised” and dried the soil, which was then
“puddled” with oil preservative. K55 Creosote was the preferred prophylactic treatment (cf.
Chapter 15). In a context of soft rot  and the influences of differential wood structure (and
CCA penetration), this carbonisation effectively removed that differentiation. Evidence in
BCC trials indicated the heat (and temperature) effects did reduce penetration of the leading
edge of incipient soft rot in a pole.
4.ii.ii. As (Chapter 15) problems of “afterglow” occurred in  CCA treated products, the
writer did not initially use “oxy-char” as a control practice until a suitable procedure to
prevent any “afterglow” was developed by BCC engineering and line staff.
Based on extensive use by the Brisbane authority (BCC) of oxy-char practices, the
writer noted very few significant subsequent cases of soft rot in poles so treated. It was
demonstrated (including precautions in its application) by BCC personnel at the training
school.
4.iii. Poles were generally inspected on an approximate 4-5 year rotational basis. If,
in the opinion of the pole inspector (generally involving a  supplementary engineer
inspection), further early major maintenance work was required, he marked the pole with
a “diagonal cut” or a “slash”. Frequently the engineer reference inspection was not
immediately practicable in some remote districts. For marked poles, a further full inspection
was mandatory within 2 years. If, in the inspector’s opinion, the pole was not safe for either
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a linesman to climb, or for it to support above-ground fittings and wiring loads, he marked
the pole  with a “double slash or cross”, denoting urgent replacement was required.
Linesmen  were not required to climb a pole which they, or the inspector (on whom they
relied), had determined by inspection to be suspect or unsafe. An additional safety
procedure, the “ladder test” examined the pole  bending status.
5. Confirmatory studies of condemned poles.
For all Boards, there were periodic confirmatory tests of poles condemned from
service and these were conducted at local depots. Additionally, this was to ensure that
assessment techniques were effective, but not excessive. This  confirmation is illustrated
by a study conducted  in Innisfail (N. Queensland, circa 1974) during  a CREB local
training school. For the comparison, a total of 12 poles was fully inspected (including pole
tops and crossarms, using a ladder) by all participants.
Of these, only one pole, which had been condemned due to bad splits, was found to be
sound when sectioned. For all of the other 11 poles, assessments by the inspectors and
engineers taking part in the trial were in agreement with results found when all poles were
examined at the depot.
6. Alternative assessment techniques.
Leightley (1986) discusses pole inspections and tests, which included;
6.i. Penetration by a “Pilodyn” (based on a 6J force).
From the data, that writer established an “S.I.” index for poles. It was correlated against
the standard method (Chapter 15) described by this writer and taught to Board staff at the
1973 Inspector training school. Correlation gave a high value of “r2”.
6.ii. Measurement of change of electrical resistance of wood by a pulsed current, using
a “Shigometer”. For this,  progressive readings are made as a wire probe is inserted in a hole
drilled into the pole. Variations in  readings, which appeared related to probe type  and soft
rot, were reported (compare Darveniza [1980] on variations found in moisture content
measurement using a range of electrical test procedures and separately published [not
referenced] effects of water-borne preservatives on  moisture content measurements with
commercial d.c. resistance meters).
7. Assessment based on design and computer assisted field inspection.
Service results (Cokley, 1975)  showed a significant loss of the outer circumferential
section in about 8 years. Boyd (1972) supplied data on which Cairns staff (Cairns Regional
Electricity Board, 1973) developed tabulated and graphical calculations on which pole
residual strength was assessed by inspection staff. That Board was also the first in
Queensland to employ “contract” specialist pole inspection staff. Currently (1994) inspec-
tion control has been delegated by the Queensland Electricity Commission (J. Kastrissios,
personal communication, not referenced) to individual authorities, most of which now use
contract specialist inspectorial personnel. The SEQEB Authority had developed a practice
based on design (Pyra and Deuar, [u.d.], Deuar and Doody [u.d.], Deuar and Doody, 1985)
with a computer assisted (including field application) two stage inspection assessment and
which is on a nominal cycle of 5 years.
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Appendix 52
SUMMARY OF SOIL TYPES, GROUND COVER AND TEST RESULTS FOR
TRIALS OF SIGNIFICANCE OF “SITE INDICES” AND PROPHYLACTIC
TREATMENTS FOR POLES  AND WHICH WERE CONDUCTED IN
MACKAY REGIONAL ELECTRICITY BOARD SUB-DISTRICTS.
Table 96
for test poles (x) - Mackay Regional Electricity Board
area (1). Test commenced 1973.
code description
no. site soil(a) surface cover(b)
1   urban-mown lawns gravel lawn cover
2   urban-new divisions sand cultivated
3   dry site-inland loam uncultivated
4   coastal site (c) clay bare
5   non-urban (occupied black surfaced (e)
area)—beach resorts soil
and similar (d)
6    (e) - -         concrete collar
to ground line
notes:
(1) research study undertaken by Mackay R.E.B., inco-operation with the writer, for the Queensland Pole
Committee. Soil samples were also taken, and confirmed.(x) as the study was under service conditions,
soil moisture content could not be pre-planned in terms of other factors, but was measured at each
assessment. When correlated, this factor was not significant (refer text re effect on inspection). This
nonsignificance was confirmed (by the departmental biometrician) with ANOVA tests over a 5 year
period. (a)(b) Soil type and ground cover were varied within site.(c) All but one sub-site were in non-
lawn conditions.(d) principally sandy soil type.(e) Code 5 - surfaced” (by bitumen, or concrete), and
Code 6 -”concrete collars to ground line” - were separately assessed (not included in analyses).
Table 97
Site influence on severity of attack by soft rot on 300
test service power poles in trials conducted in Mackay Regional Electricity Board
area (1).
site reten. mean pole year life % max. mean
class kg/m3 per penetration class tot. pole pole
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code (b) (mm of soft rot) (c) (d) ser. year
(a) 0.0 1.5 3.0 6.0 12.5 (e) (f)
1 20.96 0.57 5.23 5.11 7.40 6.50 76.67 9 4.6
2 24.96 0.79 2.60 N N N(2) 16.67 7 1.09
3 22.88 3.58 7.86 5.00 8.33 4.75 28.33 10 4.45
4 22.24 5.97 8.07 9.00 11.0 10.00 41.67 11 7.23
5 19.84 3.77 3.33 8.50 N N 8.33 9 3.91
notes; (also refer to text).(a) See site classification, Table 96. Concrete collars,and “surfaced”,
separately examined. (b) sapwood retention by analysis of two plugs taken from above ground line.
(c) mean pole year = (sum of product [poles x years in each class or site]) / total number of poles in
class.(d) Total affected percentage of poles in site.   (e) Maximum service life since erection of poles in
site. (f) mean pole year/ for site. (2) N = nil in class.
Table 98
Relationship of soil type and site on severity of soft
rot attack on 300 test service poles - Mackay Regional
Electricity Board area.(2)
soil per cent affected for overall
type each site Shown (b) %
(a) 1 2 3 4 5 (2)
gravel N N(3) 0.0 >0.0 >0.0(1) 28.57
sand 55.56 N(c) 71.43 N 4.35 27.12
loam >0.0 N 23.53 42.86 N 20.33
clay 85.37 31.25 29.63 40.91 10.34 42.53
black -(3) -(3) 0.0 -(3) -(3) 0.00
notes;
(1) Where total in each site/soil type is less than 4,individual percentage not taken but shown as >0.0 and
included in overall figures. (2) based on percentage of poles affected of total per soil type all sites.
(3) Soil type not present in site. However severe soft rot was found in black soils in other Electricity
Board areas, and in other areas of this Board‘s regions. This was confirmed subsequent to initiation of
this study.(a)(b) see text for soil types, sites - Table 96.(c) N = no pole in soil type at site.
TABLE 99
Correlation of surface cover on incidence of soft rot in
Mackay (M.R.E.B.) areas, expressed as percentage of  the
total in each class/site.
surface per cent affected/ overall
cover site shown % (2)
1 2 3 4 5 affected
lawn 95.74 18.52 72.73 50.0 0.0 57.55
cultivated (x) N (1) N 0.0 50.0 N 38.46
uncultivated(b) 0.0 30.0 23.08 35.29         13.89 23.58
bare 11.1 8.70 0.0 N 0.0 6.67
surfaced (c) - - - - - -
concrete - - - - - -
collar (3) (a)
notes;
(1) N = not occurring in class.
(2) Based on total, per surface cover, all sites.
(3) (c) data shown “ - “  excluded from test. However poles in MREB area, and those of other Authorities
